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THE SPECIES CONCEPT FROM THE POINT OF VIEW 
OF A GENETICIST! 

Georok if. Shull 

Classification is a fundamental characteri^ic of scientific work in every 
field, and recognition of the fact that plants and animals may \:>e described 
and discussed in group terms was doubtless the earliest manifestation of 
biological science. The advantages to every branch of biolog\’ of having 
group descriptions designated by brief names, which pass current in the 
language of all civilized peoples, is so manifest as to make the statement of 
the fact little more than a platitude. Indeed, the grouping of individuals 
into definitely limited categories whose names are common to all languages 
may be likened in its imix>rtance to the discovery of language itself. It 
provides the means of intercommunication, not only among biologists, but 
between biologists and humanity in general. 

In order that this primary function of biological classification, as a 
basis of effective intercommunication, may Ix^ fulfilled, it is important that 
the limitations of the categories l>e such as may be capable of observation 
and comprehension by those among whom intercommunication is to be 
established or maintained. It seems, therefore, that the proper basis for 
classification is intimately related to the question of convenience. A 
consideration of all the different grades of classification: kingdoms, phyla, 
orders, families, genera, six^cies, subsiK^cies, forms, etc., etc., shows that the 
species represents the simplest concept, and it is therefore the one best 
adapted to serve as a vehicle of general communication. 

Species may l)C defined as the easily recogniztnj kinds of organisms, and 
in the ca-se of macroscopic jdants .ind .inimals their rtrognltion should rest 
on simple gross observation such as any intelligent person can make with 
the aid only, let us s^iy, of a g(K>d lianddens. Genera, families, and higher 
orders (if classification Ijclong rather to Ifiological philosophy, while the 
subspecific categories reprcs^Mit refinements which are of interest only or 
chieriy to sjK*cialists, In other wtirds, spcdcs belong to biological "Main 
Street,” and their cliief usefulness lies in the \ery tact of the ease and 
definiteness with whicit they ma> Ih’ recognized. 

* Head in the s\ nn '* I lu' I el tiu- Sjxn'u’s CorA cpt, .it tl»e joint nioolirsg 

ScTtion <t of the Ajneriv.m Asso i.ition hw the Adv.inccnient of Science, the .\meric.in 
bhyloptnhological Sux U-tv, .uui ttie llF't.uiH.il Shutv o( Anierlc.i, at loronto, Deccntln'r 
2^, 1921. 
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The geneticist has a peculiar interest in species and has always dealt 
with problems which have to do with the real inwardness of the species 
concept. Biological philosophers have often given genetical definitions of 
the species concept, as did the “Father of Botany” himself in a certain 
limited sense when he assumed that there are “as many species as the 
Infinite Being originally produced different forms.” 

The first great geneticist, J. G. Koelreuter, devoteti a great deal of 
attention to an attempt to determine whether certain putative species were 
in reality specifically distinct or only varietally, basing his conclusions on 
the degree of sterility or fertility of the two forms under test, when bred 
together, and upon the fertility or sterility of the hybrids produced by 
such cross-breeding. 

Not only this capacity for normal interbreeding, but also tlie degree of 
variability which occurs within normally interbreeding groups, have served 
as useful genetical characteristics of s}>ecific delimitation; but the usefulness 
of these phenomena as aids in determining what groups to call species is 
greatly lessened by the facts that so many species do not normally interbreed, 
and that not a few can not interbreed, as, for example, the pnrthcnogenetic 
species of Taraxacum. Antennaria. etc. 

These facts make it necessary, in the use of such a criterion of st>ecies, 
merely to estimate the amount of variation ‘ivhich mi^ht be expected to occur 
normally within a freely interbreeding group; and when we must resort to 
this sort of abstraction, the method at once loses its value in relation to 
the discovery- of natural limitations of species. The fact is that, although 
genetical phenomena form the basis of nearly all biological classification, 
there is no genetical criterion —/mr any other crilerion of sixrilic difference, 
which is found generally applicable or generally acceptable. 'I’he geneticist 
comes more and more to the iwint of view iliat the distinctions Iwtween 
species are only quasi- natural, that sj>eciric differences are l)y no means 
quantitatively equivalent in different genera, families, orders, or phyla, but 
that genetically there are ver\' many different grades of distinction between 
the form-groups which arc, with more or less justification, recognizetl by 
taxonomists as "sj)ecies.” 

This Ixing the case, it secerns jirojxT to insist that utilitarian principles 
should l)e crucial in the establishment of new .‘species and the maintenance 
of old ones. When we consider the whole question from the standpoint 
of convenience, it is cle.ir that the needs and expc'rienccs of the user must 
l)c determinative. 

To the sysiematist, whether professional or amateur, the s|)ecies classi- 
fication is the “brea{l of life”; l)Ut to otlu-r cl*isses of biologists the sj^ecics 
is merely a uxA, handy or unhandy ac('ording as the iiixononiist has done 
his work wisely or unwisely. To these other classc's of biologists the s|Xicies 
exist for tiie biolr)gist, not the biologi>t for the sjH'cies. Hence it often 
hapiHuis that the physiologist, the e<f>logi>t, the geneticist, etc., take 
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what doubtless seem to the taxonomist rather shocking liberties with the 
taxonomic species. 

A simple example from my own work will illustrate how taxonomic 
distinctions may become useless to the geneticist. For a number of years 
1 bred the dioecious forms of Lychnis (Melandrium) quite extensively, 
growing many hundreds of petiigreed families from seeds secured from 
various parts of Europe and America. I found that nearly every lot of 
seeds produced a progeny perceptibly different from those produced from 
other lots of seeds; but the differences, which were in some cases sharp and 
easily stated in precise terms, were in other cases difficult of exact descrip- 
tion. All these forms— of whatever name and wherever collected — bred 
together without any diminution in fertility in fact, usually with increased 
fecundity; and, although there were numerous differentiating hereditary 
characters, these were not grouped in the wild forms in such manner as to 
make it profitable or convenient to attempt to keep track of specific dis- 
tinctions, as such, in the experimental garden. In my published accounts 
of these experiments the I.innacan designation, Lychnis dioica, was the 
only one which could l>e usefully employed, the English forms I. diurna 
and L. vespertitui and the German forms Melandrium album and .1/. rubrum 
l>eing incapable of maintenance. 

Since the condition which here made the minor distinctions between 
taxonomic species useless was the [)erfect freedom with which all forms 
interbred, and the independence with which the hereditary characteristics 
were distributrxl, I\<>el renter s criterion of s[X‘cilic difference recei\ es support, 
and it might assu nut] that under experimental conditions Koelreuter s 
method of deliniiting ^SJ>ecies on the basis of compatilhlity or incompatibility 
— fertililv t'.L sterility- -would have general genetical validity’, except in 
the cases already mentioned in which vegelatl\ e or parthenogenetic methods 
of breetling occur; hut any attempt to -make extensive use of this idea 
promptly meets difficulties of most formidable dimensions on account of 
the numerous kinds and degrees of incompatibility' and sterility which are 
met with. 

Sterility’ m.iv roiill from the jxesence of a single unit factor, of no more 
fundamental nature than the factor which changes a white flower to a 
colored one, or vice versa, in arn’ one of a large number of sj>ecies which 
might l)e mentionwl. In such a ca>e only a single gene difierentiates the 
two forms, all the rest of the complex organization of the genoiypo l>eing 
identical. On the other haml incompatibility and sterility may result 
from general dissimilarities in organization, iinohing. conccivabh', in- 
numerable details of genotypic structure I may cite several examples 
from mv exi>eriments with Uursa to illustrate the ditticulties attendant 
u[X)n any attempt to utilize incomiMtibililies and sterilities as general eritcrui 

of S{)ecific diflcrences. . , , 

For fifteen years 1 have Iwen working extensively with the common 
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shepherd’s purse {Bursa bursa-pastoris) and to a less extent with several 
other species of the same genus. In connection with this work I have had 
material sent to me from nearly every part of the temperate regions of the 
world. Every' new lot of material received has added to the demonstration 
that there occurs in nature an amazing number of hereditarily distinct 
forms within the species B. bursa-pastoris, Wliile these biotypes are 
genetical entities of perfect delimitation, they can not by any method be 
given taxonomic validity as species or subspecies, because, under natural 
conditions, the genotypic factors prove to l)e less effective in determining 
the visible qualities which are necessarily utilized in classification by inspec- 
tion than are the environmental factors. Even the larger features of 
leaf dobing to which I have assigned the subspecific names heteris, rhomboidra, 
tenuiSy and simplex are, oftener than not, quite indistinguishable in the 
field, and it has not been infrequent to have forms sent to me by good 
taxonomists, under the name turn out to be heteris, the most 

highly lobed type. The significance of this is that the distinctive genetical 
characters are easily suppressed by crowding, poor soil, j>oor illumination, 
and other adverse conditions. The only practicable thing to do in a case 
of this kind is to maintain the species bursa-pastoris^ recognizing its com- 
posite character, and in so doing to recognize also that species must be 
based upon characters whose existence is not too seriously affected by 
deviations in the environment. 

In relation to the question of sterility of hybrids as evidence of st>ecific 
distinctness in the ivirents, I may cite the following cases in Bursa bursa- 
pastoris, and its hybrids with B. grand i flora and B, rfgutVri. 

In 1913 I received from Professor H. Trow, of Cardiff, Wales, several 
packets of seed of Bursa specimens growing in close proximity to one 
another at Cardiff. Two of the progenies grown from these seeds differed 
slightly in outline of the capsul^ and in form and surface of the leaves, 
but neither suggested by its appearance that it ought to serve as the type 
of a newly defined species, and, indcctl, it is doubtful whether they could 
have been separated at all when growing in nature. However, the two 
strains thus derived, when crossetl together, ga\’e hybrids which were 
almost completely sterile. When two tyjx^s are thus found intcrmingletl 
in nature and not capable of ready separation on insj)ection, they can not 
properly ])c referred to distinct species, even though their crosses show 
sterility; but, on the other hanrl, when we find that all up and down the 
Pacific coast of North and South America and extending eastward at least 
as far as Tucson. Ariz/uta, and Waco. Texas, a cluiract eristic form of Bursa 
occurs, having invari<il>ly concave- sidled capsules, and yielding only sterile 
or almost sterile liybrk^s when crossexi witfi numerous biotyjX's of B. bursa- 
pastoris from h.ur-:»t)e and the eastern half of Nkjrth AnuTica, which latter 
biotypes has’c prevailingly convex-sidefl capsules, one may with considerable 
justification urge the recfjgnilion of this west -American form as a species. 
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distinct from the species common to eastern America and Europe. In 
other words^ it is convenient to differentiate between groups of organisms 
occupying different geographical regions, even though the differentiating 
characteristics are few and of relatively insignificant magnitude, while it is 
impracticable to separate intermingled groups differentiated by similar 
relatively slight characters. 

A second kind of sterility is exhibited within the very distinct large- 
flowered species, Bursa grandijfora Bois., native of the regions about the 
Aegean Sea. In this species I have been able to demonstrate that there 
are two groups of plants, A and 5, not visibly differentiable, both of which 
are sterile or nearly so when selfed or when f.rossed with other individuals 
of their own kind, but w^hich are fully fertile when any tw’o individuals 
mated together belong to different groups. In other words, A X self or 
A X A, and B X self or B X B, yield no offspring or almost none, while 
A X B or B X A fully fertile and produces seeds abundantly. Here w'e 
are dealing with so-called self-sterility and cross-fertility; but, as already 
stated, there is also cross-sterilily here, since A crossed with any other A 
plant or B with any other B plant produces no seeds. No one can maintain 
that incompatible crosses in such a rase as this indicate specific distinctness 
l)etween the parents, for it is just the fncfst dosely related individuals, those 
of like genotypic constitution, that are incompatible. 

When w'e consider the results of crossing together such ver>' distinct 
species as Bursa bursa-pasloris, B. gratidi flora, and B, Viguieri, an even 
more striking limitation on hybrid sterility as an imiication of specific 
distinctness is impressed. The wide differences in the three species here 
named may lie noted in table i. in which arc entered their several con- 
trasting characters. 

1 \li! K I 


Leaves 
Surface 
Stellate hairs 
Stems 
Klowem 
Oilof 
H reckling 
I'arpcU 


l.ax. 

Alwa\-s well loNd 

SmvH>th, shiniriik 

Ximierttus 

Nornul 

Urge 

Stone ImImsu hi'*' 

S'lf-slrrile 

i 


R.nlicr ].i\ 

Xaridu*'!) 

Mvvivr.nr'Iy 

ALiiiifiant 

Nt'onal 

si?«‘ 

Abst lU 
vlf-lertiK' 


1 Viise 

Bui little lolxd 
Kiiiose. cluH 
Rare, small 
L.isciaU'il 
Sm.Bi 
.\bMni 
N-lfUTiilo 
; lt> > ni*xk' 4 ' 


During the p.rst years 1 have made mere than twenty bybridirations 
iH'twccn /?. Vkukri and P. 

biotype of the latter -ixwies. Uvbnd< Itave atwayx l>een easily secured 
from these crosses, the fecunditv Udng at least approximately as great as 
when pollen from (he s,.me siwcies has Ix-cu used. The hxbnds baxe 
always txxm vigorous plants of the tv,x', no matter wbreb 
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species played the role of mother in the cross, but these hybrids were always 
so nearly sterile that in no case was more than one seed found in any capsule 
of one of the Ki plants, nor were more than two capsules, each with one 
seed, ever found on any one such plant, and only rarely did an Fi plant 
ha\e even one seed. At one time two plants were secured from these 
rare seeds, but these were lost before their adult characters had been ob- 
served. The remarkable distinctness of the two species, bursa-pastoris and 
Viguieri, left no ground for surprise at this Fi sterility, and one would be 
inclined, perhaps, to say that Viguieri has deviateci so far from the bursa^ 
pQstoris type, from which it doubtless took its origin, that it can no longer 
produce fertile progenies when back-crossed to the ancestral type. 

When crosses are made lx; tween B, bursa- pasloris and B. grandiflora, a 
somewhat different relationship is indicated. Nearly tw’enty crosses of 
this type have also been made, but only in one case have Fi hybrids (3) 
been secured, though the pollination usually results in the full development 
of the capsules arid the ovules usually enlarge to nearly full size and then 
alxirt. Of three hybrids secural from one of these crosses, all were par- 
tially fertile, but fertility was sUglu in two, and in the third it was far from 
complete. From the most highly fertile of these an F3 was grown which 
was so nearly sterile that it was not considoretl practicable to pursue the 
experiment farther. 

The complete failure to secure Fj hybrids from all but this one cross is 
in marked contrast with the easy pnxluction of Fj hybrids in the bursa- 
pastoris-Viguieri crossc'S. Here again it ma>‘ stx'tn a logical explanation to 
s^iy that Bursa grand i flora has e vol veil so many (or such considerable) 
divergences from the bursa-pastoris i>{x- that it can only rarely prtxluce 
hybrids wlien crossexl to the latter, thus giving seemingh- gtxxi ground for 
the acceptance (d siah hybrid sterility as a criterum of s]H*cihc <listi net ness. 

But what Ix'conies of the \ al»lity of this criterion when it is found that 
Bursa grand id ora and B. which give (udy sterile hybrids, or none 

at all, with the intermediately jdaced H. bursa-pastoris, proiiiu t jully fertile 
hybrids U'hen crossed u-ith each other f si'en from the table given alx>ve, 
the difference lx I ween B. grandiflora and H. I’iguieri is e-simtially the sum 
of the differences of each from B. hursa-pastoris, s> that we can not logically 
assume that they are s;H‘cifu;aliy (listinct from the latter s^n-cies and only 
-uljsfX'citically distinct from each other. 

The non- validity f>f the >teri!ity criterion is already iully rccognizinl by 
every r>ne in the carNt* of llic Orchidaceae, wliere fulK' fertile hybrids arc 
|)rf)duced, ivjt fjniy Ixtwten \ ery distinct sjxxics, l)ut also Ix'twtx’ti many 
different genera. 

Still atiother case in Biir^ia may lx cited to show that two forms recog* 
nizeri as srKxies by taxonomi.sts may dilTer in (mh a rel.t lively simple 
genotypic feature whii It dfH-^ not affect capataty for interl>rmling. Bursa 
Ileegeri (Sojins-Fauhach ), which was found by IVofessor Heegcr on the 
m<(rket-p}a( e at Fanflau, tiermany. in is so distinct from B. bursa- 
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pastotis that Solms-I.auhaeh, to whom it was sent for identification, v/as 
inclined to place it in the j^enus Camelina, because of its rounded, uninflated 
capsules. Only when he observeil a mutation (Bursa Solmsiana Shull ined.) 
arising from it, which exhibited a partial reversion to the bursa-pastoris 
type of capsule, did he recognize the identity of the new' form as a species 
of Bursa. 

I have made a \ery large number of hybridizations betw'cen B. Ileegeri 
and different biolypes of B. bursa-pastoris, and these tw'o species have bred 
together with perfect readiness and with full fertility, so long as the biotypes 
of bursa-pastoris used were of Kuropean or east- American origin. The 
segregation showed that a simple Mendelian thfference exists between these 
tw’O spetnes, though this differeme is quite generally duplicated through 
the presence of tlie corres(>onding factor or gene In two different chromosome 
pairs. It is thus seen that gejmupically the species-character wTich 
differentiates B. Jlecgeri from B. bursa-pastoris is on an exact par with the 
character of leaf-lobing which <iitTertntlates the several rosette types of 
Bursii into those' w'hich haw the sinuses extending to the midrib (heteris 
and rhomboidea) and those wliich have the sinuses less deep (tfnais and 
simplex), wliicli differentials, we have already seen, can not be used as 
Siitisfactory characters in taxonomy U'causr' they are loo easily suppressed 
by environmental factor^. It is obNious, therefore, that the capsule form 
is here a ivilisfactory character becauw in'* unmodified by variations 

in the environment, aiui iK'cause it is therefore al\ta\> available for use in 
determining the identity of any indit iduai. while the gcfwtypkaUy equal 
differences in Ivaf-lobiug are n<u Miital>le specific characters because they 
lack this tjuality of U-ing invariabh expressed when the genotypic consteb 
lation requisite for their expression i> prex-nt. 

Since there i^ tm natural lii<itus in the r.inge of visilnliiy of dilferent 
phenotypic ch..r,K !ers l.y .iifTerejt Individuals or poups of plants 

imi animals, imr in the detiree of llieir persi.-tence under the normal varia- 
tions of the environment, I Ulleve that mv sKitement, made atove, is 
substantiated, ih.it spirties are only quari-mlimil enliUcs and th, it they are 
midc so bv the lack of asreeinciit Is lween e\iern,il .ipiXMr.iiice and internal 
constitution anti bv the lo« tisilulitr of many hereduar. ch..r..clerist.c,s. 

nh are. but these are the biotv pes nf the geneli* 
f)nl\’ lu re and thrao is there a 


Natural gnnips there certain!) 


cist, not the s|Kaie^ 


(pf the t.jxonoini^i. 


coincidence U^tween tuofx i>e .md sikvk -. 

Since the usefulness of .he -|x.ies .omvpi rests ii|H.n .he exchange 
v,due of sm-citic nan.es i.. sme.uilic a.id intellectual .ntcrcourse, .t must lx 
Itornc in mittd that a., undue incre,.s< in the n.tt.tlxr ol sixc.es has the same 
effect on the exchan, e xah.c of the s,.ces ,n the tn.e ectual ma ki^ts 0 
the world that a.ialottous iullation of llnanct,,! crretio- has “P™ ^ 

of anv monetary unit iuvolvtxi u. Mtch ..illatton f omp.ire. 'or exam, 
the uixfulness of Crataoetts s,xc,es „aav with the dechne ,n value of the 
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franc and the lira, if not perhaps with that of the mark and the ruble, and 
let the taxonomist take warning not to destroy the usefulness of the species 
concept to biology in general by lowering the degree of visibility of the 
characteristics which delimit adjacent categories. For the minor groups 
which his more intensive studies may bring to light let him adopt a special 
terminology adequate to meet his needs in communicating with other 
taxonomic specialists, just as the geneticists have done. It is to be hoped, 
however, that the taxonomist will Viot hnd it necessary to propose such a 
profusion of names for these subspecific categories as have the geneticists. 
Witness: “elementary species," “biotype,” “Jordanon," “isoreagent/* 
“genospecies," “microspecies,” “microgene,” etc. 

If all biological six‘cla lists, in whatever direction their specialties may 
lie, should adopt this method, species will continue to represent the rela- 
tively crude, relatively superficial triangulation of the entire field of biology 
by means solely of such instrumentation as is available, in common, to the 
devotees of every branch of the science, and the specific names will retain 
their high value as metlia of scientific exchange. 

PkJXCETOX U.NIVEKSIIV, 

Prinxetun, .New Jersey 



THE SPECIES CONCEPT FROM THE POINT OF VIEW 
OF A MORPHOEOGIST' 

K. A k 


On the reality of organic evolution we all agree; but hat> the species 
concept outlived its usefulness? It serxed prior to Darwin as an expression 
of the dogma of sjXicial creation . Doe^ it serve equally well now to represent 
concrete realities as seen from the evolutif^ i iry standpoint? Morphology 
is essentially a comparati\e science deahng with phylogenies, and the 
limiting of this paper to the twenty minutes <il]owed will pernet only of a 
rhume rather than of the presen ta(i<ai of the flet ailed data as to the true 
significance of the sjx*cies ( .is related to phylogeny and evolution. 

On the matter of qxcies it is to jje notc^d that Darwinian evcjlution dealt 
rather with the question of origin^ than with that of content. In this 
particular the change is not prr se m) ]>asic as we s</metimes think. Linnaeus’ 
idea of a sixcies as a recognizably distinct group rd interbreeding individuals 
all having a cotnmoii dt'seent is still tlie (d ino>t rd our clear thinking 
in matters of dassilicatic^n. 'I'he ev.jlutionary did inn that species originate 
as variants from a [)arent gnmp and are tliernstEer^ the potential parents 
of groups vet to lx pnducdl -l-t- n-t necosarib ..fled the quedion as to 


their make-up or delimitation> at .n)\ gisen time. 

Dm-s till' com I'l't jfxY.'C' rciin v iit a' aiUaiuau-ly the unii of evolutionary 
lirogress as it did tlie unit lor lliinrii-s i.l -|)ei ial c reation; The v.alue of 
.1 seieiitilie foiueiii is tmt iiifiec|Uenth in direct iirci[K'rtion to its plasticitv 
as shtiwn in its aliililr to nndc ryc. iiiorc- or less hiiidanienial and far-reaehing 
di.inges in its siynitic anc e with tile nic rea-c- of oin kn.avkslge of the 
data on which it is l.asrHi. hot c eain|i!e, in cMoloyv the t..iice|>t cell has 
shown its utility hy surxiviny -iidi fiiiid.,nu ill d nicKiilicMtions ni ecMttenl 
as are involMs! ill the clianye troni it- ..nyinal u-e as relating to a cavity 
•ar l-a\dike c haniN-i in plant tissue f u- pres,.|ii ii-e to desinnate a one- or 
sex,Tal-n..rle.ttol ti.ass ,.f ,,rotopla-,i,. The' ehancies now goi.iy on in the 
ccciiceptions hac k of the' te rm .i.'c'i; aic another illustration m iximt. 

I suiiiKts.- there iiex. r wa- a l.nie h. fore in tlie history ot scenee when 
a thc-orv plav.sl s,„ h a doniinaut tcM.' as h„s th, llicav ot -.dution siiiee 
,i,.,e of Uarwno Nex.r ha- a xl..,H.iu, pooci -o trim.til of . - 
iiiterpret.ttions, so stimulative ckIu, me res. arc li, .T v 

doinin.ile alike niorplioloyt , plix 'ioloy' , sH ioIoy'. ant sui i iss , larp . 
dctiiietl rcilnis as psx . hol.io and ph.lo-ophx • I'he 

' Kc.,.l ,n Ihc- sc.a|..s.„m ■ 1 he- ll.lux cl Ihc s,.vi<s 1 ...vcpl, .cl .a. 

smicn r. of th^ a'iick..,. As-,:,a,„.,. Ic, ,1k tch.incnian. -I -I™- ^ 

I'liMoMthoIcgicMl Sxicy. .in.l iIk iKtanlcl Sceiy ei Ameru.i, .w loioWc IXc 
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is that of the atomic theory in the physical sciences, and here it is interesting 
to note that the nnxlern alchemists with their isotopes and electronic 
dissociations are threatening to make chemistry and physics evolutionary 
sciences; at least, they are striving to lay the foundations for a true evolu- 
tionary theory of the elements. All s^' hemes of classification aim to be 
phylogenetic. Their rubrics are liased without question on evolutionary 
concepts and express the knowledge of uur lime as to genetic relationships 
between the units classified. 

1 here is no real question that the s[X‘cies concept as used by Linnaeus, 
so far as it relates to content at any one time, does fit in with the facts of 
e\olutionary phylogeny as we know them. Nbxlcni research has made us 
mure certain than ever that the Linnaean sj)ecies do by and large constitute 
recognizable groups of more or less freely interbreeding, individuals whose 
iIUerwu^en j^edigrees constitute a stH*cific fabric less diversified than that 
of the genus, family, or order. Only extremists deny the jxissibility of 
segregating and recognizing such genetic units. Only those who hold that 
all organisms constitute a web of life or vital fabric of descent in which 
each individual ixxligree is inextricably woven up with other fmilgrees .so 
that its identity is lost in that of the whole, or, on the other hand, thos<‘ 
who hold that the individual pedigret‘s are the only recognizable and 
differentiable units and that these are all of essentially the s-ime order of 
magnitude, have really cut l(»ose from the use of the s[>ecies conce[)t. 

The (luestion is toil ay not whether Linnaean sjHMues are in general go<xl 
phylogenetic units, but whether, with the discovery and re<'ognition of 
such divi>ions of the>e Linnaeati s|X‘cies as our small species, or subsjx'cies, 
which ai>o ccuisiitute recf)guizabiy dilTercntiatexI groups of interbrceiiing 
indi\ iduals. wc- shoukl now transfer the term spi’des to thebe’ phylogenetic 
units ol a lc>:-er order of magnitude, leaving the Liniuiean units uri recog nize<l, 
or ixThaj)^ as has sometimes Uen hinteti In' the ‘ splitter^” might l>e 
desirable- giving them in many ca.><-s genetic rank. It i- of interest tr) 
note that such projxosals do no violence to evolutionary concepts. Agree* 
ment here Is practically universal .iniong all r.inks of biiihigual -tndents. 
The question turns largely on what is practical. Dn this {)oint Ifall has 
put the evidence very ( learU. It i> indis|X‘nsible in our systems of classi- 
fication that we recfjgnize atul delimit units of Ixith lliest' orders of magni- 
tude. The gene tic i>ts and the [ilant geographers can give tlear expression 
to their results only by rec«>gni/ing thesi- leaser units twigs tni the evolu- 
tionary tree. It is in them that the v.irlanls of genetic nuKlificalioii and 
many times f)f geographic distribution arc displayed, 'riiey, or still les-H-r 
races, \ arietic«>, eK ., are the real material of evolutionary ad v, nice, dlieir 
recognition in the f.ekl and their prcKluction in the breeder’s exjx'ri mental 
plots constitute the two great current means of .sdvance in evolutionary 
science. t)n the f)ther hand, the re<:^>gnition and critical delimitation of 
the I .inn, lean units no les> imporl.mt tor the geneticist ami plant geogra- 
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pher in fixing the trends of evolutionary science and of plant and animal 
migration, as well as in the more popular fields of floristics and elementary 
botanical instruction. 

There is little doubt that, if the categories represented by the Linnaean 
species were to be dropped and the term species applied exclusively to the 
smaller units, w'e should find ourselves resorting to th^ use of such rubrics 
as specieS'groups, species-complexes, etc. 

We are passing, in my opinion, at present from a stage of knowledge in 
which the difficulty seerntnl to lx; to discover how specific delimitations 
could ever be broken down to a stage of knowledge in which our difficulty 
seems rather to be to find adequate evident e of delimitations Ixtween the 
hitherto reaignized s|xcific groups. Intensive 1 ^reeding exixriments and 
intensive study of ^geographic distribution ha\ e lx>th contributed to this 
result. Far lx it from me to enter the lists for either Mendelisrn or mutation 
in the great Oenothera contro\ersy. But we must all agree that the mass 
of mutants or segregants, one or Ixuh, which have Ixcn so painstakingly 
descril)ed and jxHligreed are well calcnlaiHl to make the lay lx)tanist, be he 
rnorphologist or physiologist, m(»re cautious alxjut affixing a species name 
to any chance evening primrose he hap|xms to had by the \\a\side or in a 
garden. The recognition of the sf>calied species of Oenothera has become 
a matter of highly exixrt judgment and discrimination. In this we have 
i'crtainly traveler! far from the view^ioint of the immediately post-Dan\'inian 
biologists, who. while they were coiuinccKl that species come about by 
evolution, were ijuiie willing to despair of e\er Ixing able to see evidence 
of the prtxess going on. much less to initiate and control its course and to 
Ixgin to trace out the mechaniMU of variation. We are confronted with a 
mass of evidence as to sixt ies in the making among wild plants, and we no 
longer hesitate to recognize that the breeder ran pnxhice. and hae from the 
Ixginningof agricultural science prrKlucerl, modifications of ty^x quUe com- 
parable to those which characteri/e evolutionary s|xcles. 

It goes without viving, of coiirsr*. that from this evolunoiiar\- standpoint 
,hc- plivsiuloRi.-ul <.r MoloRi.al six'clc- which arc h. conrmon and -xr sharply 
mark«i ainonR ihc par..sit,c f.-nRi. and ,hc bacterial races dtfferent.ated on 
the basis of their s|x'cltic pathoRcnicitics or ciiUural characters, arc ^ 
much to lx- recoRnIt-ed as evoUiiion.uv units .,s ..re Rroups d.ffercnuated 
bv strurlural ch.ir.ieters. The description and ch.tractenzauon of suet 
Rnrups is not e.tsv, !,ut ll.eir oslstcnce .is bioloRic entities can not tre ques- 
U.S The in„xtr,,,nce from ., pr.iccal slandpom. "f 
characters makes sure that their c.ircful .md adequ.tfe clas.s,hcat,on,_wdl 

.dwayst)c.in.iltr.ictivofu'ldof bioloRicalresc'.irch 

The consideration of suclt Ronips as tliosc leads naturally to the ques- 
tion as to the practicability ,n Rcncral of a.t ^ 

classification as 1 have Ix-en arRUiuRTor. Will it . 

considerable numlx-r of cases at least, to trace out the devious paths bv 

j6 
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which the groups of plants and animals as we find them today have de- 
scended from those of prehistoric or geologic times? Will it ever be possible 
even to agree upon the delimitations of the groups as they exist today? 
Will not genericidelimitations always be, as is commonly said, matters of 
opinion? Even if this be the whole story, be it noted that in the long run 
we may hope to distriminate between the opinions of the biological genius 
and those of the biological dullard. 

The currency of this statement alx)Ut generic limitations indicates not 
only the dilTiculty of such discriminations, but from one angle their evolu- 
tionary unimportance. So far as we know at present, it is a relatively 
unimportant matter how large or how much subdividetl a branch of the 
evolutionary tree is taken for the genus unit, providing only you do not 
put with its twigs those from other branches. But, itmiay be asked, will 
it ever he possible to get the geneticists to agree on how many these are 
and how to delimit the mutants or segregants of the Oenothera species? 
We ma\' leave this sjH.*cihc question to the future, but that there is 
coming to be a fair degree of agreement as to the identity and delimitation 
of many Linnaean sjx^cies will liardly be (juestioned. We are demonstrating 
in some cases that certain groups long sus|K“CtiH! of free inters|X‘cific hybrid- 
ization are really guilt)'. The ditVuuhies (jf the syslematists with such 
groups are more ilinti cum[X‘nstite^l by the joys of the geneticists and 
cytr>logi>ts with each such new discovers . In fact, the cytologists are even 
now coming to the rescue in the c.tse of the roK's. the Jamestown weeds, 
and the cereal grains, not to mention minor casi^s, with a brand new set of 
earmarks for the identification, characteri/atlon, and clasHlicalion of the 
systematically dithcult members of thes<' groups. But disiaission of the 
projxr tre.Ltment in an ev<jlutiMnar\' "N stem of cla>siticalu>n of hybrids and 
their progen would certainly carry iiu* lx.*yonfl the limits of my al!otlt*<l 
twenty minutes. In my o|)iniori the ^^>temati^t? have lx‘en Kk) much in 
ha.>te to tie up their s])ecitic name*' witli so-called histfjric tyjK' s|xrimens. 
It n(jt imj)o-sihle thiit we may In- able to re<'(^gni/e and ch.iracterize in 
its docription the actu.d bi(>l«»gic tvjH* form for a s|H‘i ie>. As you may be 
aware, my -ludie" on the fuorphogene>i-' of sm h Nimple forms as tlie Petli- 
a^trum^ have le<l me to iKlievt* that ^{K•citlc tyiHs are very definite an<i 
t oncrett' entities taq^able of l>eing recog niztal and .idequ.itely des<'rilxtl 
quantitatively and rjuaUtati\fly. Tin-' attempt to reci>gni/e and descriU* 
wh-it is biologicalK iypi‘ al i> certainK- t!ie aitu v\itli pre>eni-d.iy system- 
ati>t-! wfto know their materi.i! in the fieh! as w(*ll a" in tin* herb.irium, and 
there linle rear-r)!! to doul)t that cluirat teri/<itii>n> ><> ImmxI do in general 
give a [)i( til re of the ta^^T'gic t\pe of the -jK'cies iti its rehilicjns to its sub- 
^ixcie*^, v irietie-', eto. and to the otlu'r relati-d sjx-cies of the genus. 

It '-eem.'» to me safe to as-ume that th<- work of classification will never 
lx finished till the units large arul sntall are brouglit as nearly as availal)le 
cvifletK e penrits into their e vol u titulary H*quen<'e. 
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Morphology is commonly said now to be a dead science. Its last gasps 
have consisted of such tenuous and ill-founded speculations as to have led 
to general lack of interest and distrust in its conclusions. That there is 
too much truth in these utterances is to be admitted. Many morphologists 
have attempted to bridge the gaps in their knowledge with “all too bold 
guesses and ill-judged hypotheses." 

On the other hand, it is hardly to be imagined that biologists will ever 
lose interest in the great problems of the e^•olulion of plant and animal 
types. It is equally clear that we shall ne\er rest content until our classi- 
fications of plant and animal species present in the fullest degree possible 
a picture of their evolutu)nar> descent. 

Cot-CMBIA UsiVCK^tTV 



THE SPECIES CONCEPT FROM THE POINT OF VIEW OF 
A PHYSIOLOGIST AND BACTERIOLOGIST* 

(U lKKOKl) RkKD 


The de mantes of bacteriology for the classification of a group of organisms 
which on account of their minuteness do not lend themselves to conventional 
structural differentiation has occasioned the development and utilization 
of different criteria of organic relationship. These criteria, though they 
have found little favor outside this restricted field, apply equally to the 
classification of all organisms; and, moreover, from a physiological point 
of view constitute a more fundamental species concept than one based on 
structural differentiation. The fundamental basis of these criteria is the 
conception that organisms dififer in the chemical constitution of their 
protoplasm. The methods of making the determination may !>e considered 
indirect, from chemical standards, but they are none the less precise; 
namely, the methods of imnumology. 


I 

It has long been known that, when an animal receives an injection of 
certain substances, antigenic substances, antilxxlics are developetl in re* 
action. These antilxxlics ct)mbine in the iMxiy of the immunizeti animal or 
in iHlro with their antigens to prcnluce llie various familiar antitoxic, lytic, 
agglutinating, precipitating, and many other reactions. From the present 
p<jint of view the significant feature of these reactions is their high degrei* 
of s[)ecificity: an antilxxiy reacts f)nly with its particular antigen ami with 
no other. The s^x’cihriiy. moreover, is dejxndeni ufx>n the chemical 
identity of the antigen. Wells and others have shown that when a known 
chemically pure protein is used as an antigen its antilnxly reacts only with 
that chemically pure protein and with no other protein. Such reactions 
are now finding favor in biologictil chemist r\‘ as a means of identifying 
proteins which can not lx distinguishcxl {>y theordinarx' analytical procetlure. 
We have, then, in these re.n tions the most delicate known melhtxl of 
detecting chemical differenti<ition in the complex constituents (jf protoplasm. 

Application of these methmls to the differentiatir)n of bacteria now 
constitutes an extensive and familiar liteniUire. Any detailcxl consideration 
is out of place; a single example will lx sufficient for the present thesis. 
If we have a sample of Radilm iyphosm immune serum, its agglutinins 
will react in«high dilution with the organisms used for the immunization, 

^ Read in the symposium on “The Utility of the Species Concept," .it the joint meeting 
of Section of the .^mc^ican .‘Xssociatlon for the Advancement of Sc ience, the American 
Ph>'topathologiral Society, and the ftotankal Society of Ametira, at Toronto, December 2H, 
1921. 
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i.e.t B, typhosus. The maximum dilution in which it will act depends upon 
the degree of immunization. The serum, moreover, will not react in these 
high dilutions even with closely related organisms (as the other members 
of the typhoid-cWi group), and will not react at all with organisms outside 
of this group. If in a particular sample the serum reacts with B. typhosus 
organisms in a dilution of it will react with the closely related 

B. paratyphosus in a dilution of about 1-200, and with B. coli in one of about 
1 - 20 . If typhoid organisms are added to such a serum in excess and later 
removcxl by centrifuging, U>th the sfxaahc typhoid agglutinins and the 
group agglutinins will lx removed with the organisms. Similar treatment 
with the other bacteria of the related groap will serve to remove their 
small content of agglutinin^, i>ui will not have any appreciable effect upon 
the s|)eciftc agglutinin. 

Such results as this are confirmed by other immune reactions, and 
pathogenic bacterioKigy is a series of su('h examples. The recent application 
of this methfxi to the stnd\' of the Pneunioco('( i is the basi> r f one of the 
most illnminating chai>iers in mcKlern medicine. 

The signifiCviilce of these result- for the (xeseiu discussion rests upon 
the fundamental chemical nature f>f the immune reaction, as previously 
MOtetl. On this basis it must be c(»nclud(‘d that the typhoid organisms 
react Ixcause of chemical identity with the antigenic suVislances of the 
individuals ustal in the immunizatifiii : clos<>ly related organisms react to a 
certain degree. Ixcause of chemical -imilaritx . and less close^ly related forms 
fail ttJ rean ]xraus<‘ of chemical di-imilaiiiy with the original antigen. 


11 

Although not utilizet.! in praciic.il td\t>noni\- iii other groups, we have 
.tmple evidence of the existence <»f similar distinctions. The extensive 
Studies of Nut tall on the immime le.ictions of vertebrate blood are most 
signiricani. NuUall found that when an immune scaum containing pre- 
ripitins for human bhxKl serum was mixnl with the latter in a high dilution, 

.1 dehnitc volume of preciiiil.ite was fornuxl; but when mixed with other 
sera the precipitate was .juaniiiaiively less according to the degree of 
rel.itionship of the aiiim.tls supplying ilie sera. 

The work of riilenhuth. Wells. OsUxiie. (iolilke. and many others has 
l.nmgin forward an .■nornunis anionm of ovidonco to show il, at chemical 
dilTereiuiation exists iK'twirii honiolo,:ons proteins in lioth plants ant 

.mirnals. . 

Reichert and Brown li.ixe siien n> is.nie more direct evidences ot chem- 
ical sm-ciheitv. Ten vears ago they demoiistratwl that the haemoglobins 
of vertebrate could lx- distinsnislux! by their crystallograptn-. The rest, is 
of these extensive studies imlicaie that there is a common strnctiire of the 
haemoglobin molecule, whatever the source of the h.iemogoim. t lat tic 
. ryslals of a genus Ix-long to crx st.illographic group which represents ,i 
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generic type; and that the crystals of each species of a genus may be 
distinguished from those of another species of the genus. The various 
crystal forms depend, obviously, upon the chemical properties of the 
haemoglobins. More recent work of Reichert shows that specific and 
generic types of starch may be distinguished both by the microscopic 
structure of the grains and by the chemical reactions of the starch. 

Such evidence, when it is all considered, is fragmentary compared with 
the detail of structural difTerentiation; but it is ample to warrant the 
conclusion that organisms differ in the chemical constitution of their proto- 
plasm, and it remains for subsequent analysis to determine the full extent 
of this chemical characterization. 

Ill 

The increase in size of cells or organisms involves that formation of 
new material, which must be largely, if not entirely, synthesize<i within the 
developing cell. In many cases these synthetic reactions proceed with 
great rapidity, whereas onisiilc the cell such reactions, if they occur, proceed 
at an exceedingly slow rate. The most generally accepterl explanation 
attributes to enz\'ms the rapid rate of these synthetic reactions. Moreover, 
the same enzyms which operate in hydrolytic reactions are evidently equally 
capable of catalyzing the opjH)site or synthetic reaction. On this basis, 
therefore, it will follow that under favorable conditions those substances 
which a cell Is able to digest m<iy also Ik" syntliesizwi l)y that cell. 

One of the most conspicuous characteristics of enzyms is their high 
degree of spcciticity. From Pasteur’s classical tlemonslration of the relation 
of Penicilliurn glam um to the tartaric acids we now have a long and familiar 
list of enzyms which react only with their particular chemical compounds 
and fail to rCiict with other conqK:>unds. I'he distribution of enzyms in 
living cells, moreover, exlubits many limitations. This is particularly 
evident among the bacteria, and its utilization constitutes one r)f the unique 
features of bacterial classiruatif)n. In the co/i- typhoid group, for example, 
the members exhif)it a wide range of activity toward carfxih yd rales: from 
species which ferment f)nly certain monosaceharides to organic acids, to 
species which ferment many monosacch.i rides and rlise charides to carlKin 
dioxid and water. The division of s;>ecies of bacteri,! which lirpiefy gela- 
tine, split certain nitrogen comiwMjnds to indol. and coagulate casein, from 
s^xTies which do not jxjssess these? enzyni activities is one of the most fre- 
quently obscTved of i^at terial processes. 

The distribution of thesi* en/yms is. moreover, ,i const .in t factor. The 
observation that an enz\ in is produced in reaction to the chemic al nature 
of the substratum apix-uis to fx* true only to a certain degn'c. An enzym 
already present in a ( ell may in some ca.ses Ix^ [iroduccd in increased amounts 
by reacticai with the substr.itum, f>r enzym action may lx* supjircsscd by 
the conditions: of the environ me tU ; but where an en/.ym is normally absent 
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from an organism it cannot l>e engendered, as much bacteriological experi- 
mentation has demonstrated. 

It may be concluded, therefore, that, as a cell digests or does not digest 
the substances with which it liecomes associated, it synthesizes the sub- 
stances for which it has hydrolytic or dehydrolytic enzyms. 

R. S. Lillie has recently brought forward a theoretical explanation of 
this synthetic action which, if it can be supported, is most attractive. 
The cell proteins he considers exert a type of autosynthetic action, pre- 
sumably by the dehydrolytic condensation of amino-acids. The energ>^ 
transformation in certain of these reactions he considers to be too great to 
be accounted for by enzym action, and he Imds the formation of electrical 
circuits Ikj tween difTerent regions of the cell to account better for the 
observed reactions. 

Considerations of such phenomena as emphasized by Re tiger's work on 
the growth of various sjx‘cies of bacteria in the same mixture of amino-acids 
and other simpler nitrogen comjxamds may serve to visualize specific 
synthesis. From such a mixture the various s^xcies grow^ and multiply in 
their characteristic form, which necessitates that they synthesize their 
characteristic IkkIv prt)ieins, and these we knf)W from serology to be chem- 
ically distinct. 

IV 


If six’cies are character i/tt.! by the presence of sjxcihc chemical sub- 
stances, species continuity as well as jnduadual de\elopment must depend 
upon the constancy of the specific synthetic reactions. Any deviation 
from the characteristic reaction in a cel! resulting in atypical end products 
will of necessitv alter the chemical >jx-( ilicity ; which alteration may be 
exhif>ite<i in aty[)icai activity, jtleoiiiorphic form, or death, 

Scjine ret'ent data c<aicenimg the origin and nature of pleomorphic 
bacteria may lx inler(>reted as re^ihing from miKlihtd synthetic activity. 
We found that the form <if the inllueii/a bacillus c<nild be greatly altered 
by the M-ion roncentratmn of the culture nuKlium. In a medium of suffi- 
cient acidity or alkalinity to lx near the growili-limiting reaction, a large 
percentage of the organiMiis apinar in very distinct pleomorphic torm, 
freaucntlv a hundrcHl times larger tlian the ivpicah More<^ver, these 
atypical forms entirely resist the agglutinating action of spcntic serum and 
therefore lack (lie antigenic pr<aein> of the normal cells, a deficiency evi- 
dently re^suiting from altere<l synthe^V imi><.s.Hi !>>■ the reaction of the 
environment. Such an elfcrt might lx cAivcted from the famiUar action 


of H-ion conamiraiion u|Hm the prc^teolv tic cm/.yms. 

The transmisdem of chemical specificity througli a s|xxnahzeci germ 
plasm has receive.! no attention fmm the inescmt ivomt of view \et we 
might interpret buyer's nrent h.miliar results omcerning the mhetuamc 
of exiK^rimcntallv indue e-d e\ c defn ts a> a case in lUscr prtparex 

an anticrystallinedeiis serum l>v imnumi/.ing fowls with maa^ratixl labwt 
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lenses. This immune serum injected into rabbits produced no direct 
reaction; but defects of the crystalline lens appeared in the progeny of both 
male and female through several generations according to a definite ratio. 

The immune body for anatomical reasons may not come in contact 
with the crystalline lens, so that we appear to have two alternatives. Either 
the immune body is transmitted, enters the germ as a new factor, and 
appears in the developing embryo with destructive effects upon the lens; 
or, in the injected animal the immune body combines with the lens deter- 
miner in the germ plasm and effects its destruction or alteration. If this 
be true, according to the fundamental basis of immunology, the immune 
body combines with the determiner lx?cause of chemical identity between 
the substance of the determiner and that of the immune Ixxly antigen, 
t.c., the lens. In other words, the development of lens is conditioned by 
the transmission of chemically similar su!)stance in the germ. 

It is most significant that, in so fiir as cliemical sjX'cificity has l)cen 
determined, it is in dost' agreement with relationship basc*<l u|xm structural 
features. We may l>e jxrmltted to conclude, therefore, that the constitu- 
tion of the protoplasm is the fuiulamcnt.il s|)ecies cliaractcristic, of which 
form and structure are manifestations. I'his ])erhaps strengthens the 
frequent claim that physiology regards sjxcies too lightly, yet at the si me 
time it provides a rational basis for physiological generalization and ph>sio- 
logical sjx'cialization. We may generalize when we have to do with non- 
specific reactions of protoplasm or witli agencies whicii influence in a similar 
manner the various s^xcific constituents; we must sjx-cialize when we have 
to do with the specific sub^^taiices of the protoplasm. 

Qcees’s Umversiiv, 

KtN'ijStos, ('asaim 



THE SPECIES CO\CEI>T FROM THE POINT oJ^ VTEW 
OF A PLANT PATHOLOGIST' 


K . (-. Stakman 

To the plant pathologist the proi>lem of the species concept is not 
only of academic interest but also of intense practical importance. While 
pathologists as well as (Uher lx>tanists love to seek truth for truth’s sake, 
most of them are under obligation to seek the truth for the gorx! it may do 
in the complex prfx*ess of pre^‘enting the world from stan'ing. The delimi- 
tation of species is preretjuisile to the experimentation and re'^^earch of the 
pathologist, h is essential that the specific purity Ixnh of the host plant 
and of the paihogene lx* kriowti. If these fundamental facts are not assured, 
the pathologist is likely to find ihjI truth but error; or, at best, the truth 
is in (hinger of Ixing batik gariikxh The accurate description of species, 
then, is of primar>' imjxirtance, but it 1“^ not an end in itself, but only the 
means to an end. However. Ixing the means i(j an end. the accurate 
descTiption of jxithttgenli: fungi is of greater pratnical imixjrtance to pathol- 
ogists than to any other ( lass of [lotanists. 

It l.s to lx* hoix'd that there will be no unduly severe criticism on account 
of what may stxni to some an ultra-utilitarian viewpoint. The fact is 
that the pathologist must learn the elTeel of p.ithogenes on the host plant. 

In order to do this, he first must know ihoroughk- Ixjih the pathogene and 
the host plant. He must depend, therefore, on systematic mycology and 
other systematic Nuany for the i(Kilsof his trade. If the liKilsbe unsuitable 
lor his work, either he must imi>ro\e them or he must make his (jwn. There- 
fore it is pertinent to intjuire what (pi.dity of tools h.i\e Ix^en furnislted 
him in the past. 

To the taxonomist of higher iilaiits. and particularly to the geneticist, 
the pathologist is indebttHl for the jirofu-r attitude toward the host plants 
which he uses. The geneticists ha\e gl\en us tlie pure-line ('onception for 
higher plants. l\iihologlsts luiw are aNciding man>- sc*rious mistakes by 
taking the simple but fundamental precaution of using pure-line host 
material. Kor example, wheat generally has Kvii (amsidered to l>e close- 
jMiUinated. But Hayes has shown that natural cro-sing may occur in the 
field. SuptxJsing. then. exixTiments are made on the biologic specialization 
of patlH>genic fungi attacking varieties of wheat: what reliance can lx 
placwl ujxm the results when bulk material of wheat sax] is used.'' Some 
of the plants ver>' likely will W hetcrozygcuis for resistance. Tins may 
' Read in the symposium mi The Ttilily ol :hr Sjxx ies t om rpi, '• .U tho joint meenng 
m Sfvtion Ci of the .\meriraH Asmx i.iOGti fur ihc AibanronuiU of Sioncc. the Amencan 
f'hytopathological Sx-icty. and the BiW.uiua! Svicty of .Anxnoi, ,\l Torxmlo. IVember 

:S, 19 JI. 
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lead to the deduction of entirely erroneous conclusions regarding the 
pathogenicity of the parasite, especially when the experiments are being 
made by investigators who are a little over-zealous in detecting evidence of 
inconstancy in pathogenes. Serious mistakes of interpretation often are 
made on account of the use of supjx)sedly pure, but actually impure, host 
material. It is not suft'icient for the careful investigator of wheat diseases, 
especially when fundamental relations are being sought, to know which 
variety he is using, but he also must be sure that he is using a single pure 
line of that variety. 

If it is true that the greatest caution is necessary to assure the use of 
pure lines of host plants, it certainly is true that still greater precautions 
must be taken to use “pure lines" of the pathogene, because it usually is 
more diriicult to detect genetic differences in the lower organisms. Does 
the practice under the present sjx‘cies concept give the pathologist the 
necessary' assurance regarding the siK'cific purity of the pathogene? 

It will be agreed, at least by most pathologists, and I believe by many 
mycologists, that pathologists often have deriveti but little aid and comfort 
from published descriptions of pathogenic fungi. Possibly this has been 
due not so much to the lack of a pro()er s|K‘cies concept as to the failure 
properly to apply that concept, rmi! recently sjx-cies have l>een delimited 
primarily on the basis of morphology. But the pathologist can not l)e 
content to know what fungi Iwk like; he must know also what they can do, 
because that is his primary concern. Me is com{xdk'd to study fungous 
behaviorism, and, in so far as morplu)logical des^Tiptions aid him in this 
study, they are extremely valuatile. h probably is superfluous, however, 
to state that morphology* atone no longer can [)e (:onsidere<l a sufficiently 
accurate basis for determining the sjx*citic purity of many organisms. 

It would scarcely be profitable, even if it were i)ossi()ie, to define s|)ecies. 
In general, however, as applie<l to fungi, the coneept se*ems to l)e based on 
the general underlying itleas, (i) that all the iiuli\idnals comprising d 
species are sufficiently alike nn.»rp}K>logical!y to make it {Hissiblc to differ- 
entiate them from individuals of other s|H-cics by means of morphological 
characters, and (2) that the cliaracters are rel.i lively stable through succes- 
sive generations -"a {X’rennial succession of like individuals," according 
to Far low. 

The grouping of imli\'i(luals into sjxa ies, then, is <m attempt to make 
it possible (tuickly to recognize closc'lv relate<i plants and to call them by 
name readily. The morphology of the fungus has Ixx-n iise<i as a criterion 
of essential similarity of itulividuals. .Vnd unfortunately it often also ha?' 
been misused. I he careless, premature, and rather reckless naming of new 
Species of fungi has Ijcen a tremendous handic.ip to tlie pathologist. Fvery- 
one is so familiar with tlie unfortunate <-onsequences of this tendency, now 
happily disap|)caring, that it is scarcely nccessviry to cite s|)crific example>. 
Too often tcint>orary nuxlitnalions, which are not inherite<l at all, have 
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been used as a basis for the multiplication of one true morphologic species 
into several imaginary ones. And, on the other hand, several distinct 
species sometimes have been described as a single species, either on account 
of faulty technique or on account of the fact that the range of conditions 
under which the fungi were studierl was not sufficiently wide to make 
possible the detection of differences which l>ecome apparent only under 
certain environmental influences. The range of variability of many species 
of fungi is very wide. The character of growth, the ability to reproduce, 
and the morphology of the organism may l>e influenced profoundly by the 
amount and kind of food available and by environmental conditions. 
Klebs, Thom, Coons, Diiggar and his asb'K'iates, and other investigators 
have demonstrated this conclusively. 

The pathologist is vitally interestwl in knowing the morpholog\' of a 
pathogenic organism, not only on one host and under one set of physico- 
chemical conditions, but under all jxjssible conditions. And he is especially 
concerned with the question as to whether essential morphologic identity 
means also essential physiologic identity. In fact he knows that in many 
species it docs not. 

Every one n(jw know- that there may lx* physiologic races within a 
morphologic sixties, and there has ix*en a growing tendency, therefore, to 
use physiologic characters for the delimitation ai sjxcies. The bacteria in 
general are separated into sjX'cies on the Itasis of their pliysiological reac- 
tions, and ver\* little objection is raisei:!. there also is a tendency to use 
physiologic characters more and more in systematic work on fungi. The 
taxonomic work of .Apjx*! .ind \\ollem\ef)er, and of Sherbakoff on Fusarium, 
and of 'Fhom on IVnicillium was bascnl nr>t only morphologic, but also 
on cultural nr phv-iologic characters. More and more the description of 
sfxxies is being b.isi'd on material grown on slam lard nic-dia or on several 
hosts, and under known conditions. Fnlesr. this is done, descriptions often 
mean nothing. Ix’cause the s<')'Cal!i‘<t sjx'iies may ciMitaiti not only seNcral 
morphologic, but also sc'vcral |)liysiologic. races. 

There seem to lx? different degrees of sjxviah/atlon into biologic forms. 
s|X*cializeil races, chemic.d it -, (tcu.oJniht'ifsri'isscv . [ihysiologic races, or 
whatever one ch(X)ses to cal! them. 1 hese term? were not all us<;*ti exact!) 
synonymously originally, but. siiuv the differences rcprescMUttl by the terms 
seem to lx* m ilegrte ratlu'r tliaii in kiiul, the)' are all callcri bitffogic form- 
in this paixT, These forms supiKisetlly are j)ractically indistinguishable 
morphologically, although slight diffVrctices are known to occur: but they 
tliffer decidenJly from each other in their physiologic action. I'herc would 
seem to l>e st*\’eral classe*s (>f sut'h forms, alilxmgh the ca tegoiies into %\hicH 
they can lx* plactxl mav rcjxt'st'nt no really fundamental difference's. 

box has shown that there may lx such distinct cliemical difference? 
Ix'twccn species of IVnicillium and .\sjxrgillu? that the sfxxic> can be 
rccogni/Axi more easilv bv cheniic«d than b\' m<’>rplu 'logic cli.oac tcrisiies. 
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Among pathogenic fungi similar chemical differences apparently exist; there 
appear to be distinct forms of Sclerotinia sp., causing brown rot of stone 
fruits in the United States, which consistently produce strikingly different 
types of growth on various synthetic media. The differences between 
biologic forms of Er>‘siphe, of Puccinia graminis, of Puccinia coronata, and 
other pathogenic fungi, no doubt also are chemical, although the exact 
nature of these differences has not yet been ascertained. It is significant, 
however, that the reaction of several biologic forms of P. graminis ''tritici" 
to hydrogen-ion concentration differs perceptibly. Whether the physiologic 
differences l:)etween biologic forms can l)e detected on artificial culture media 
or only by the action of the forms on host plants, it would seem that the 
nature of the difference is essentially the siime — that is, physico-chemical. 

Wlu' were biologic forms not called sj:)ecies when first discovered? 
ProbabU' because the morphological concept of s|xrcies had become so 
firmly h.xed that it was considered too heterodox to use physiologic differences 
as a sole basis lor classification. Furthermore, morphologic differences 
were considers 1 more permanent than physiologic differences. But, even 
as early as 189S, Farlow read the following to the Botanical Section of the 
-American Association : 

W hen therefore the lK)t,Lni>t denie> that phy>iologit al sjRi ten are ()ra[M‘rly species, he 
is practically adrnlttin,^ that his own dehnition, the jx'rcimial succession of like indi^■illllals, 
is used by him in a sjxcial semse, anij he does not scetn to Ih' aware th,it six-vies as he limits 
them are artiheiai and nor natural. T he 1x1 ief that six-t ies should lx- ktstxl <m morpho- 
logical rather than phy siological t haracters rests on the assumption that the former are 
more likely to lx- inheritetl an«l thus show the teiniiorary .itieiniits of the organism to 
adapt itself to the environment. It is jx-rhaps a ipiestion whether the grtnmds (or this 
belief are as valid as has beer supi^ttseif. We readily st-e the rnorphtilogit al charactera 
which have bt-en inherited, but it is usuailvtjnly b\ accident or exixriment that w’e rexognize 
the physioh)gical or f),ithoh.>gical qualities. 

Biologic forms itmg wi-rc ciutsiticrcd to l>r itn>tablc. Ward, Salmon, 
Freeman, Freeman and Johnson. 1 ^ tie- F. vans, and Johrts^tn all t)btaiiHxl 
evidence which led them to cone] title that the parasitic capabilities of biologic 
forms of Puicinui di^pfrsa, lirysiphe gramiuis, Puainm graminis, and 
Puccinui phleiprulensi^ easily could U* changer! by bridging hf>sts and by 
other inriuenecs. The resstilts of these investigations inriicatHi that biologic 
form.-^ readily aetjuire the ability to parastti/e normally immune hosts, 
j>rf)viderl they are grown first f)n some closely, or sc)metlnn*s even distantly 
relatisi, susceptible s^kx ies of host plant. Thus P. griiminis Iritui is 
incapable of ,it tat king oats, but can grow on !>arley. On barley, according 
to Freeman anti john.s/tn, the rust acquires the ability to attack oats slightly, 
j presumably on accr)unt of some cite mica I change in the biologic form. H 
biologic forms could changtsl stj easily, the (jbjet'ticm to using their 
(physiologic characters in classification certainly wtaiUl Ik* valid. But 
they change easily? 

The so-cdi'cd ()Li.-ticity rpf biologic forms of Pindfua gramivis has IxtMi 



May. 19*3] 


STAKMAX — SPECIES COXCEPT 


243 


investigated thoroughly. For ten years the writer and various colleagues 
have tried in every conceivable way to change the hert^litary parasitic 
capabilities of P, graminis Iritici and P. graminis secalis. Considerable 
work also was done with P. graminis phkipratensis , P, graminis avenae, 

P. graminis agrostis, and P. graminis tritki-compacti. It was impossible to 
induce hereditary changes, or, indeed, any fundamental changes, although 
the growth of these fungi, like that of other plants, is influenced by environ- 
mental conditions. These biologic forms were as constant genetically as 
were the species of wild and cereal grasses ufx>n which they were cultured. 
There was no evidence whatever that the inheritance of physiologic char- 
acters by these biologic forms dei>ends any levs ufxjn real germinal specificity 
than does the inheritance of structural characters in morphologic species, 
Reed state.s that “in studying the races Erysiphe graminis one also gets 
a strong impression of their constancy and definiteness and they seem as 
real as though separable by structural features." Dox concluded that 
species of Penicillium and Aspergillus could not ac([ulre new ability to 
produce enzyms by any special methtxls of nutrition: and Brierley was 
unable to "etl urate” Botrytis dnerea unless the initial culture consisted of 
a mixetl |x>pulali<)M, although a form with colorless sc'lerolia did suddenly 
apixjar from a sjngle-s|Xjre strain. This phenomenon, however, can be 
explained on the basis of known principles of genetics. Brierley ;x>ints out 
clearly that it is tjuite essential to use pure lines r)f the organism in “fungus- 
etlucability “ studies. This point can not Ik* emphasized tcK> strongly. 
Any one is likely to obl.iin ver\- striking evidence of rapid changes of biologic 
forms unless his >upj>oseil biologii.' form itself i> pure. For example, until 
a few years ago it was >upiM>stsi that the Irilki ff>rni of P. graminis could 
change readily. But the Ht-calle<l P. graminis tritki itsc-lf consists of at 
least thirly-se*\en biologic forms which can Ik di^tingui^lled from each 
other readily by their ai tion on certain pure-line \ arieties of various species 
of Triticum^ All of ihest* forms de\elop normally on ^ arious pure lines of 
Tritkum com pactum ami apparently also on several wild grasses. It would 
lie strange, in using stub mi\e<i culture", it chatigcs were not observed. 
Those hosts which were attackcHl by "e^‘eral of tliese forms naturally would 
appear to act as Itridges to the uormalh- immune forms. The longer one 
works with these forms, the deeiHT lH*ci>mes the conviction that they 
represent as real, as const, mi, ,md ,0' genetically pure entities as do morpho- 
logical sfjecies. 

But many l.fiologic forni> difler from e.u h other not only physioIogicalK 
but morphologically as well. The forms of P. graminis which are scpvirable 
on the l)asi.s of their .iction on diflerent genera of host phuit.s (in the I niteil 
States) can be recognized liy the size, shatx*, and color of the uredinios^x'ires 
and also by the size of (elios|x>res ,ind .letSt^sjxires. providetl these s^xires 
arc dc\‘e]opcd on hosts of the s.inie approximate <legrec of susceptibility 
and in apprt>\iniatcly identical environmental additions. Tlie difleren<x*s 



244 


AMERICAN JOURNAL OF BOTANY 


[Vol. 10, 


between some forms may be only two or three microns, but these differences 
easily can be recognized by quantitative methods; and they are as constant 
as are the differences between many recognized species of fungi. There is 
a consistent average difference of ten microns between the length of the 
urediniospores of the iritici form and that of urediniospores of the agwfts 
form. But e\en if there were no morj)hologic differences, these biologic 
forms are distinct and constant patliogenically, and w'e must recognize 
their existence. 

Iji a recent paj>er Brierle\‘ expresses \’iews similar to those expressed in 
this paper and makes the concrete suggestion that Lotsy’s terminology, 
proix)sed for the phanerogams, be mtxliticti to meet mycological needs as 
follows. He suggested that the term linneon replace the sjiecies in the 
Linnaean sense — the description being l)ased on morphological grounds 
onl>’; jordanoH would Iw l)ased on morphological characters which were 
demonstrated to be transmissil)le ; anti species would l>e established only on 
the l)asls of morphologic ami physiologic reaction under standardizc<l 
condi lions. The term moditkation would lx* used to designate non -trans- 
missible effects of external conditions. Whether or not this terminology is 
adoptetl. the pr incipient involvixl are worthy of serious consideration. 

rhe physiological conce[>t already has IxeiJ adtlc<l to a certain extent 
to the mor]>hologic concept of species. We raise no particular objection 
to basing the determination ot a sjHvie?' of the I rr'<linales partly on life 
history, and alt psUhologists use physiologic characters in establishing s^xcies 
of phytopathugenic bacteria. If every l hi tig which the p<ilh{jlogisl must 
know is cla»itied. it will lx noce^'-ary to .idd more and more of the physio- 
logic concept. 1'he simple lact is that as .-'cien lists we oughl tr) want to 
clasolt'y plant on the basis of iho-e ch.iractei'. which are really t haract eristic, 
whether they U* morphologic t)r p.ithologie, and as [iractic.d pathologists 
we must do so. We shall no doulu encounter difhculties, but, as technic 
[.xcomes more standardi/eii and retuu'd. it will Ixcome jiossibie to recognize 
still less obvious ditfereiKes in >pecies of {>athogeni<' fungi than we now' rlo. 

If the criticism lx made that ifie i)rn[Mwe<l recugnitiem of physiologic 
character.'^ in classltiratlon would be drawing i<kj line distinctions, all that 
can f)e said ir' that the re<d distinction- were drawti by .Nature; and, if we 
are dealing with [lathogetiic lungl in a pta< tii al way, we nui>l recognize these 
distinctions', and, if we are seeking t!ie ubinuite truth regarding fungi, 
surely we ought to .iccej)t it in plant l^eh ivior .5s well as In plant structure. 

UsivKRsirv '>v Miwasor', 



THE RELATION OF THE ENZYM PECTIXASE TO INFECTION 
OF SWEET POTATOES BY RHIZOPUS 

L . L . Makthr and J, L. VVkimer 
< Received for publication April 28 1922) 

It has bctn dcrnonst ratted that, if the* proper conditions arc maintained 
in the storage house, sweet pf>tatoes can he kept for a considerable length 
of time with practically no lr>ss from soft r.ji. If, on the other hand, the 
conditions arc unfavorable, infection followetl by decay mav take place. 

The cause of the soft rot has long been sns])ectetl to be due principally 
to Rhizopus nigricans Klirb. (14, i</). Before jKJsitive proof of its parasitism 
was obtained, some dilliculiy was experiences I in isolating the organism 
from the rotting jKjtato and still nmre in obtaining infection by it. If, as 
is customary in i)aihological ttrhniijue, the jilaie plantings were made 
from tissue close to the healthy zone, a sterile culture was almost invariably 
f)btaiiu*<l. If. on the other hand, the plantings were made from rotted 
tissue sever.il millimeters back of the undecaxaNl tlrrsue, a pure culture of 
the organism was usually obtaintK^l. 'J'his sugge^UNd that there was some 
“action in adwiiice" of the growing luiihae. Harter and Weimer (17) 
showt‘<l that this aciicai or dissulurion of the middle l.ijnellae in advance of 
tht‘ growing Inphae is due to a substance of the iKtture of an eiuym. which, 
following the precedents establisiu'tl by Hoiirtjueloi and Heressey < i), Jones 
huler (II !. /eller (aTo und oilur'^. the\‘ ha\e designated as ]X-ctinase. 

Hruschi (6) found that the eelU of plums <>n whicli Moftilw cinerm 
(Bon.) St'hroter h.id grown for twn da\> were sep.iiatCNl along the line of 
the middle lamella, and eonciuded from lu i results tliat the enzym jxvtinase 
was pKnlueiNl i>y the fungus Muim olUained similar results with 

the fungus causing tiu* neck rot of omon^. He demonstrated the priduction 
of oxalic acid, but front the nature of its aetion c.iine* to the conclusion 
that it has little or tjoihing to do with tlie m.nerai ton of the tissue. Mimn 
< learly demonstratrHl that an eii/Ain which he calls jx-ctin.ise w.i< res{Hmsiblc 
for the disintegration of the iiN>ue nc)tol. 

.Although Rhizi^pus h.is Ihxu tjuite geiura.ily accepted as the 

e.uis(' of the soft rot of sweet {Hit.itiK’s. ii> e.uis,il relation lias l>ecn soniewh.at 
difticiilr to prove. The u>\ia\ methtd of placing sisacs or st>ores and 
m\ Celia upttn the unbroken surf.icc (»r uikui a wounil usLutlly gave negative 
lesults, e^‘en when the jxitatCK's were itl.uasl in a moist ciiamlHU' lined with 
wet til ter pafUT, Nh» Utter n ‘suits were olttaincd when the six^res and 
mycclia were inject ixl deeply into a wound made with a nmlle or forceps. 
If. however, tlie met In ><1 descriUd by Harter. Weimer. and Ad .a ms (Ipb in 
which the fungus was grown fc»r one or two da>s in swavt-jK^tato decrx'tion 
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and then poured into a fresh “well” made into the potato, was followed, 
positive results were usually obtained. These results suggested strongly 
that an enzym was secreted which immediately began to macerate the host 
tissues in advance of the growth of the fungus. That dissolution of the 
middle lamellae takes place in advance of the mycelium is further borne 
out by the fact that a sterile zone of uncertain width is always present 
between the healthy tissue and the tips of the hyphae. In view of the 
fact, first, that an enzym seems to play such an important r6le in the decay 
of sweet potatoes after infection once takes place, and, second, that the 
original infection is difficult to obtain without first growing the fungus 
for one or two days on a nutrient meilium in which the enzym is secreted, 
the writers proposed to make a detailed study of the part played by the 
enzym pectina;^ in infection. 

It should be pointed out here that, wliile the ex|XTiments dealing with 
this phase of the subject were made with either R. nigricans Ehrb. or 
R. Iritici Saito, se\eral other s^xcies also were found capable of decaying 
sweet potatoes (20) as well as a number of other vegetables and some 
fruits. All the different species were found to secrete {xclinase (18) and 
to bring alK)Ut a maceration of the host tissue in a similar way to that 
caused by R. tritici and R. nigricans, li is therefore Ixlieved that the r 61 e 
played by the enzym secreted 1>\ these two species is typical of that played 
by the other sjxcies of the genus. 

PATtiOI.OOtCAL HlSTOl.fK^Y 

Sweet jx)tatixs decayed by Rhizopus are at first rendered \er>' soft and 
stringy, water often dripping out of the jxitato when the skin is broken 
open. At the outsc-t the color (»l the tissue is not changetl, but later it 
turns a cinnamon to chix'olate brown. t)n the es<af>e of moisture the cells 
collapse, the ^jotato dries up. ,ind the whole mass finally Ix^comes hard anti 
mummifietl. Observed in this stage, it is often ckissiMl as dry rot. 

That the tissue is killetl in adviince of the fungous threads has^ Ixen 
demt)nstr.itc<l by different methcKls, .Attention has l>een calltsl to the fact 
that plate plantings made from decayed tissue adjacent to healthy tissue 
were usually sterile. “.Action in advaruT” was likewise demonstrated by 
a micrf)scopic examination of staiiH-<l s^M tions made through the healthy 
and the adjacent dec.iyefl tl>sue in which the fungous threads were coloreil 
blue by Pianese’s >iain. The results showed that maceration of the tissue 
had taken place several cells lHy(md the most advanced hyphae. Further- 
more. similar sections slaim^il in methylene blue demons tratc‘<i the presence 
of the middle l.imellj connecting the cell walls of healthy tissue, while in 
the dectiyerl tisssue it had completely disiipiteared. 

If bits of dt:caye<l tissue fi<fating in water are examiiuxi microtHTopically, 
the cells, although themselves remaining intact, will lie seen to l)C separated 
from earh other along the plane of the middle lamella. So far as the 
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writers’ observations go, the hyphae pass between the cells but do not 
penetrate, at least during the earlier stages of decay. 

Investigations by the writers have demonstrated that neither Rhizopus 
nigricans nor R. tritici produces cytasc, which may account for the fact 
that they do not penetrate the cell, wall. The absence of a cellulose- 
dissolving enzyiu was demonstrated in several w^ays. Some preliminary 
and somewhat crude experiments were conducted in which it was attempted 
to grow Rhizopus on a nutrient solution with Whatman chemically prepared 
filter paper as the only source of carbon. A modification of Czapek’s 
nutrient solution in which ammonium sulphate was substituted for sodium 
sulphate served as a medium. Rhizopus makes a rapid and profuse growth 
on this medium with glucose or even starch paste as a source of carbon. 
When the filter paper w'as substituted for glucose, the fungus made practi- 
cally no growTli. The filter pafxjr apjx'ared to lx; unaltered, and no reducing 
sugars could lx‘ detected according to the method of Clark (8j. On the 
other hand, when starch paste, for example, is used as a source of carlx^n, 
re<iuciiig sugars are formcxl in advance of the needs of the fungus fi8). 

A second series of ex|X*rinients were carried out in which the action of 
Rhizopus on cellulose was studied. A cellulose agar was preparerl according 
to the methtxi of McBeth and Sf’ales (26) from a gcxxl grade of filter paper 
as prepared by Sc'ules (31). A uniform distribution of the flocculent 
rel 111 lose impartoti a milky ap|x;ar.ince to the agar. Kellerman (25) showed 
that if this kind of agar in test tulx*s is inoculated on the surface with 
Penicillium pii\opkilum He<lg.. the enzym c\ excreti^i \vhich eventu- 

ally clears the medium by the tll>soli]tion the cellulose*. Furthermore, 
he found that, if discs of the clarifinl <igar were transferretl sterile to cellulose 
agar in plates, the cellul<is<* in the latter would likewise lx; dissolved, thus 
proving conclusively that cylase w<is i)nxluced. The writers duplicated 
the exjx^rimeiU cd Kellerman with Rhizopus and R. tTiii-ci but no 

dissolution of the cellulose took place, winch would setmt to indicate that 
the enzym is not pnKluceii. 

It w*as sus|x*rtctl that jXThaps in tlu* absence ol a^■allal, 4 c c.irlK)hydratcs 
these organisms were unable to make *^urtu'ient gr*>\vi h to pr( Kluce the cnz\ m, 
.and that, if thev were cultivatol on a nuHlium on which they would grow^ 
itulejxmdcntly of the cellulose', tliey might digest the cellulose. With this 
jKJSsibilily in mind the cellulose was .Kldtxi to Ixxd agar and the s,imc test 
.IS lH;h)re was applicxl. with ncg.iti\e results. The results of these ex|X'ri- 
mentsseem to prove the alisence of cytasc poKliiction in the s|X’cies ni^|rrV<ifi3 
and tritki. 

Mom: OF Infkction 

'I'hc results of different investigators have shown th.it fungi may enter 
the host tis.sue. first, by way of the stom.it a : second, by penetrating meth.an- 
Fally the unbroken epidermis: third, through Ixith the stomata and the 
epidermal cells; fourth, by means of .in enzym socreti^i by the fungus which 

*7 
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dissolves the epidermal cells, thereby permitting the germ tube to enter; 
and tilth, by means of wounds. Blackman and Welsford (2) found that 
the germ tubes of spores of Botryiis cinerea Pers. in turnip juice on the 
leaves of Vicia faba L. penetrated mechanically the unbroken epidermis. 
Initial infections were never found to^ occur through the stomata. However, 
after the pcnetratum of germ tul>es through the epidermis had reduced their 
resistance to infection, the hyphae were seen to enter through the stomata. 
Dey (10) and Weimer (35) showed that Colletotrichim lindemutkianum 
(Sacc. and Wagn.) Scribner and the basidiospores of Gymnosporangium 
Juniperi^nrginiani Schwein. penetrated mechanically the unbroken epi> 
dermis of the bean and of the leaves of healthy apples rest>ectiveiy. From 
the results of these investigations there appears to Ix^ little doubt that 
certain fungi have the power to penetrate the epidermis mechanically 
independently of an apparent enzymic action. Other fungi have been 
found to gain an entrance through the stomata. Jones, (iiddings, and 
Lutman (23) picture the entrance into the leaf of the jxuato by Phytophthora 
infestans (Mont.) De Bar\" l)oth b\' way rd the stomata and l)>’ the penetra- 
tion of the epidermis. Harter (15) observetl the germ tulx of Diaportke 
pkaseolorum (C\ & E.) Sacc. entering the leaf of Phaseolus lunatus 1 .. only 
by means of the stomata, and Ciardner and Kendrick (12) found that 
Bacterium exitiosum Oardner cV Kendrick entered the leaf through the 
stomata, although entrance of the fruit was accomplishwl only through 
a wound. 

That wounding plays an imjxirtaiU role in the infection of many crops 
by various fungi is well recognizeil. There are in fact organisms often 
rcgardetl as weak parasites which can infect only through a wound. Even 
those organisms which are able to jxnetrale the epidermis or those which 
usually enter through the stomata frecjuenlly gain an entrance to the host 
through a woiuui. Hurd i found that an nnl>roken seed coat of wheal 
or barle>‘ ordinarily affords absolute [)r< Section against attacks on living 
see<ls by Penicillium or Hhi/.opus itt damp storage, In the stjil. or in blotter 
germinaU;rs. In (eel ion of '-lu li >ee<ls was obtainet.!, however, by retarding 
germination of the sce<! I>y means of tow temixra lures. Ortmi (30) found 
that infection of the Irish tx>{ato by Rhizopus MigriVuHJt was accompHshtxi 
only thrmigh some abrasion in the skin. 

The part played by en/yms in infei tion of the hor,t has lieeit a subjtT^ 
of study and iinestigalion for a long time, and some of the earlier investi- 
gators notes! what they lx‘lieve<l to lx* cases of the entrance of a fungus 
only after the epidermis had Urn xifiened or weakened l>y means of an 
enzym. Hu*^g<-n (7 / and W’arrI (34) N’lievt'fi that the germ tulxM>f Botryiis 
rinerea accomplish^ its entrance into the tissue of the host with the aid 
of an enr.y.n whi< h dissolves the epidermal walls of the host, Vogc*s (33' 
and Miyo-^bi { >7), working witli Eusicladiiim and Botryiis tineren respec- 
tively. .ir»' of the oi)inion that softening of the cuticle tiy an enzym or some 
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dissolving agency precedes the penetration of the cells. Miyoshi was able 
to show that B. cinerea could penetrate mechanically a membrane such as 
gold leaf. The work of De Bary (9), Xord hausen (29), Smith (32), and 
others has l>een referred to in this connection in other papers and will be 
reviewed only briefly here. Oe Bary noted that the expressed juice of 
certain plant organs which had been de('a\e(l Ijy Sclerotinia liber tiana 
Fuckel if heated was no longer active, and therefore concluded that the 
cell’Wall-dissolving action is due to an enzym. A toxic action was also 
noted, but to just what this action is due he was uncertain. Nord hausen 
as well as Smith claimed the production of a toxic substance which penetrates 
the cuticle and kills the underlying cells. 

Some interesting results in this connecii^jn are those of Brooks (3), who 
attempted to infect lettuce l>y placing s|K)res of Botrytis cinerea from a 
grape -ex tract met! i urn, dry and in drops of water, on the lehves of plants 
kept uncovered in a green hf)us<\ Although sr)rne of the Bi>()res germinated, 
no infection was obtained, even when the plants were confined under a 
l)ell jar. If, however, young mycelia were plactxl in drops of the grape- 
extract medium u|)4)n health)' leaves, infection twk place. Wounding 
insured infection. He says: 

In such the juices which cxufic from the wnunded ;ircas provide saprophytic 

nourishment for the further development of the yerm uiUv Infection could be brought 
about on leaves uhii h had only just iHyun to turn yellr^w, but not on normal green leaves, 
fiottylis can not U* ( nnsideosi .i true |ura'-ite since it kilb tissue in advance of the growth. 

The results of the investigaiituis cited alxAc show that some organisms 
can infect although l lie re is nt> apparent Injury of the outer layer of cells 
of the host, while (dhers retpiirc a wound. That Rhizopus belongs to the 
latter class has U-en demonstrated reix-atetily in the following manner. 
Swet‘t ])otattit'> of the \'ellow JerscA v.iriciy. one of the most susteptible 
\arieties. w hie it had Ihvii etirtxi in the u>ual way in the storage house, were 
us<xl in tlie^‘ e\iHTiinent>. Sound |>otaHK's were carefully washed, and a 
glass ring aliout one centimeter deep and one and tnie half centimeters in 
diameter w.is M.'aleil on .01 iinlnjum! >iKit oti the surface l>y means of a 
Wiix m,t<le oI iiiid vast'hne. 4 '''■bon r -old i'ulture t^f Rbi^opus 

trilici grown in aUml 2 er, of sweet -potato deeo{ tlon was |>oured into the 
glass cell, which was then covertxi with a (o\ er sli[> held in place by vaseline. 
In no c.is<‘ did itiftHduni take place. Ibis xviiis to j’lrove that thi> fungus 
is unable either to ix-netmte nux lianically the unwoundid skin of the 
potato or t(» secrete an en/) in which will dissolve 11. 

A mature swi*<*t (xuato no true epitlermis. Instead of an epidermis, 
whicli probabl) slongheti o(T early in the growth of the fxnato. there is a 
layer of cork two to four cells I his l.iyer. wliich will l>c designated 

iteryafler as the skin, is .ible t<* withstand the attack of the lungus itseli or 
<liResliofi by any of its s<rretion-. A s\uvt fxaato in<K'ulatcd with Rhkopus 
tritki will cntirel) deca\ with the exception (^f the skin, which the hyphac 
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are unable to penetrate even from within. If, however, some of the 
outer cells are ruptured, the fungus growls out and forms sporangia on 
the surface. Likewise, if sections of sweet potatoes cut to include some of 
the skin are immersed in an extract of the fungous hyphae or in a solution 
on which the fungus has grown, all the tissues except the cork are macerated 
and separate readily from it. The skin, therefore, forms an effective 
barrier to the penetration of Rhizopus. 

Small dead rootlets were proved to be the point of entrance of the fungus 
in a small percentage of the trials made. These experiments were conducted 
by the use of the method just descril)ed. A glass ring was sealed over an 
old dead rootlet, and a 48-hour-old culture of the organism grown in about 
2 cc. of sweet-potato decoction was jxmrcd into the cell, which was then 
covered with a cover slip. Out of a large numlnr of such trials only about 
25 percent of the potatoes thus inoculated Wame infected, while lOO 
percent of the controls inoculated by the well method decayed. It may be 
concluded from these results that the rootlets do not form as effective a 
barrier to the jienetration of the fungus as the unbroken skin, although it 
was shown by Weimer and Harter (36) that a somewhat incomplete cork 
layer is laid down lieneath the r<X)tlets if the proper conditions of tempera- 
ture and humidity are maintaintHl. It was also shown that if the solution 
on which the fungus had grown wms ixuirtxl into a glass cell sealwl over a 
dead rootlet, more or less softening of the tissue took f>lace in some cases. 
In other words, the dead r«>otlets fornuxl a ixjint of entrance which was 
not in all cases effectively protected by a cork layer. .\ numlxT of sweet 
potatoes from the storage house, which hatl some wounds made during 
digging and storage but no apparently fresh ones, after Ixmig held under 
running water to remove some of the dirt, were immerscfl in a sweet'jxitato 
decoction on which the fungus ha<i grown for 4S hours. .After alniut 24 
hours in this s^dution, there was softening at the end where the |>otato was 
separated from the stem, in bruises and wounds nuule during digging and 
handling, and at certain places where small rootlets had dierl. These 
results show that in practically everx' |>otalo certain wounds are present 
through which the enzym can enter: i.r.. the skin whicli form.s the only 
barrier to the entrance of the fungus is rupturtsl. 

A study was made of the extent of wounding necess,irx‘ to jiermit infec- 
tion w hen the fungus was grow n for one or two days on sweet'jw>tato decoi - 
lion and the derr)ction and mycelium were used as an inoculum, Different 
types of wounds were tritsl. When such a growth was |x>ure<l into a “well ' 
made by means of a cork-lx>rer, infet tion usually ri’sulUxl. On the other 
hand, only af)r)ut 50 percent of the attempts to iiuxulate sweet potatoes 
through a small sciatrh just sufficient to rupture the skin were successful. 
When the skin was punclurtxl once w ith a ncwlle, the percentage of infection 
was even less 135 jx^rcent). These results show that a ver\‘ small wound 
is sufficient to [xemit infection if the enzym is present. No infection 
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resulted when similar experiments were conducted using spores and hyphae 
in water and in the decoction instead of the one- and two-day-old cultures. 
Weimer and Harter (36) showed that cork is formed over w'ounds when 
the proper conditions of temperature and humidity are maintained. This 
wound cork was likewise found to exercise some resistance to infection by 
Rhizopus, but not complete protection against invasion. Numerous obser- 
vations of sweet potatoes in storage houses led to the general conclusion 
that infection there takes place at the ends of the potato more frequently 
than elsewhere, which would seem to indicate that what wound cork is 
formed there, together with the latex congealed over the surface, is not a 
complete protection against infection. Exj eriments in which 24-hour-old 
cultures of the fungus grown on sweet -potato decoction were poured into 
glass cells sealed over the ends of potatoes which had Ix^en in biorage for 
some weeks showed that infection could take place through rhe ends. 

The results thus far show that infc^ction takes place only through wounds. 
Furthermore, it is evident from the results that the wound need not be 
large, a mere nmlle prick lK*lng sulhcient if the cn/ym is present. 

Saprophytic Start 

When sweet jjotatot^ arc dug, each one is w<ainded where it is broken 
from the vine, hurthernnarc, the '^kin cpf the is likely to l>e ruptured 

to some extent in the onlinary farm operations of digging, handling, and 
storing. The results of inoculation e\f>erinu'nis with Rhizopus iritui on 
^weet jKitatiX'S and other sliow that it seltkini if ever infects except 

ill rough a wound of s<)me s>rt. }lowe\'cr, inoculation exjx^riments ha\e 
conclusively demonstrates 1 that a wound alone is not sufficient to insure 
infection. Hundreds of .it tempts to infect '-weel jxjtatoes by smearing 
s[X)res alone, and spnre^^ and hyphae dry, on the surface of a fresh wound 
h.ive for the most part Ixvn un>ucce‘>sful, even when the potatoes thus 
inrx'ulated were subjiTtwi to the temixTaturc lx*st suittxl to the growth of 
the organism and to a re*l.iti\'ely high luimidity such as that obtAained b\ 
confining them in a moist chamlxT with wet filte^r pajXT on the Ixiltom. 

Furthermore*, if water in which sjxtre's and hy(^hae‘ are sustx' tided is 
{»f)Uretl into a “well” made into the jxatato by means of a cork'lx>rer and 
covertHl with a cove'r slip to iire\ent e\ .lixiration. consistent inbrtion does 
not take place. Likewise*, if swtx*t-|xaato dex'ociion is ustxi instead of 
wate*r, only a small tx'rcemtage oi infections results, in spite <^1 the fact th^it 
the sjxwt's in Iwth CaIH's germinate aii<l that lhosc‘ in the sweot-jxilato 
decoction form a I'onsiderable anioiint of fungous grow th. Swevt p<natoe*s 
.d>sorb liquids quite readily. e>iHxially through a cut surfac'e, and in all 
cases such as those just dcM rilxxl the litjuid w.is absorUxl by the end of 24 
to 4k hours. Whether or not this is the reason why infection dex‘s not 
take jilace under the conditions of these e\(HTimenis is not clear. Howexcr, 
results which throw* sonic light on this question were oblaine<l by cxix'n- 
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ments in which a strip of cheesecloth with one end in a beaker of water and 
the other in the wound over the spores kept the spores constantly wet. 
Germination took place readily under these conditions, but infection did 
not occur. Likewise, when cut potatoes were immersed in a spore suspen- 
sion and then confined in a moist chamber, only a very' low^ percentage of 
infection was obtained. As a ntatter of fact, the total percentage of decay 
by the use of this method was no greater than that of the controls which 
were not inoculated. 

The results of the investigation so far show that sweet potatoes are 
difficult to infect by the usual !alx)ratory methods. On the other hand, 
potatoes wounded during the winter and kept in a commercial storage 
house frequently decay. The interesting question in this connection is 
why it is so difficult to infect sweet potatoes inwulated by the usual labora- 
tory' methods while those freshly wounded and held in a storage house 
decay so readily. 

Keen (24) stated in respect to the decay of sweet potatoes caused by 
Rhiso{>us nigricans that the organism must first have a saprophytic start 
in order to become a parasite. He found that, if the spores were germinated 
and allowed to grow for a short time in orange juice, and were then trans- 
ferred to slices of sweet potalc»es, decay' would take place. Brooks (5) was 
likewise unable to infect lettuce with Botrytis ciuerea by the use of spores 
alone, but if young mycella were transferred to drops of grape extract, 
infection resulterl. Neither of these investigators attempted to explain the 
principle underlying the '‘saprophytic start,'* but it would .seem that both 
are cases in which an enzym playcii an important r6lc. 

So far as sweet |X)tatws are concerneil, infection probabb' rarely takes 
place by the entrance of the hyphae directly into the healthy tissue, cither 
wounded or unwoundtxi. Many extxximenis, some of which have already 
been referred to, have shown that, even when potatoes are cut in two and 
dip^>ed in a susjx^nsion of Rhizopus sj>ores, infection, if it (xxurs at all, 
begins not on the cut surface but at some iK>int at the idge of the cut 
where there is a bruise or dead tissue which serves to gKe the organism a 
saprophytic start. Such a “saprophytic: start’* is likewise furnished when 
the fungus is grown ffjr one or two days in sweet-pfJtato decoction. .’\- 
already pennted out, when this metinxl is followed, the dtTcx'tiun and 
fungous growth Ix-ing confineil in a “well*’ made into the jx>tato, infection 
is practically assured, I hat this niethcMl is not the <>nly one that enables 
the fungu.s to infect is evident from the following e\i>erimenls. A numU-r 
of pf>t kttx's were rut in two, and the nit surface of one half wa.s held over 
a Bunsen burner until slightly charrwl. Treatment of thi.s sort killed the 
tissue for several cells Ix-neath the surface. ,\ll the halves of the sound 
and burned surfacesi were smeared with spore.s of Rhizopus triiui. Irt 20 
hours the Jungus w<is grcjwing on the surfaces of the burnetl jMJlatocs. and 
at the end r)f 2 days these ixitaKx's were alnnit three fourths decayed 
I he control ludves, whose surfaces were not charred, remainctl sound. 
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Rhizopus grows readily on almost any kind of culture medium. A 
synthetic medium made somewhat acid to prevent the growth of bacteria 
is generally used in isolating the different species from dead or decayed 
material. Sweet potatoes which have been carefully washed have been 
dipped into a suspension of Rhizopus spores in synthetic agar. Infection 
and decay of jxitatoes so treated have always resulted. In these experi- 
ments no fresh wounds were made, infection in every case taking place 
through old wounds or at fx)ints where there were dead rootlets. A sweet 
potato completely covered with a coating of agar is under an abnormal 
condition, since respiration is largely cut off. Oxygen starvation is in the 
end inevitable, and the resistance of the host is doubtless greatly reduced. 
Other experiments were conducted in which agar with spores sus|>ended in 
it was placed on a fresh wound. Decay took place as in the former case 
but not in so short a time, since infection occurred at only a single point. 
These and other experiments which will not be detailed show^ that if Rhizopus 
is given a saprophytic start, either by growing one or two da\s in a decoc- 
tion in agar on a wounded surface of the host, or in dead cells on the host, 
infection will almost invariably take place. 

The Ree.ation of Certain Other FAfTORs to Infection 

It is obvious that a temperature that will permit of the growth of the 
fungus must l>e maintained. The optimum temperature varies with the 
different species, as shown l>y Harter, Weimer, and Uiuritzen (20). It is 
generally assumed that relatively high humidity is required for infection, 
but there is some evidence to show that infection will take place when the 
humidity of the air is comparatively low. Also, inft'Ction frequently fails 
W’hcn the humidity is relatively high. In fact, it is well known that sweet 
potatoes will Ix'come infected in the storage house under what might be 
reganled as fairly dry conditions. On the other hand, sweet jxjtatoes, 
after Ixdng inmH‘rse<i in a s|>ore susjHMision, often fail to decay when confined 
in a moist chamlxr lined with wet lilter jxqxr. Differences in the method 
of treatment previous to imnu*r>ion in the s}x'>re suspciisimi have given 
<]uite opposite results. If, for ill^ta^ce, >wcet a aloes are cut in hal\a> 

with a knife, dipjx^l in a sjxjre s\i>|x'nsion, and then in a moist 

chamixr. infection usually d<xs not i.ike place. If. on the other hand, the 
IKitatot's are struck .igainst a blunt alge so as to make a wound ’4 to ■ : 
inch devp, and are then difqxxj in a sfxae susfxnsion, infiHrtion almost 
invariably results. In the toriniT cas<\ the surface of the pr<>Ual>ly 

dries off by the alisorption of the water Uffore the sjx^res can gcmun.ito 
and infect. In the hitter c.ise. on the «*tluT hand, the nuitilattxl cells and 
the cell Siip form a sul>stratum wliich rct*iins sulluaent moisture to permit 
t germ in*Tt ion of the sjxjres and 10 i>rovide for the subscxpient growth of 
the mycelium. 

Reference has already Uxn made l<» wime ex]xrinients in which the 
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potatoes, after being cut in halves and dipped in a spore suspension, were 
confined in deep preserving jars. Some of the jars were plugged with 
cotton, some were left open, and others were closed with a close-fitting 
glass stopper. So decay took place, either in the jars that were left open 
or in those that were closed by glass stoppers. In the former case, some 
hyphae grew on some of the potatoes but no infection resulted. In the 
latter case, no hyphae were seen, which was probably due to the fact that 
the carbon dioxid which accumulated in the jar was injurious to the fungus. 
Saturateil filter paper or cotton in the tx)lU>m of the jars did not materially 
increase the |XTcentage of decay. If, however, air is constantly pulled 
through water and then through the jar, infection takes place. On the 
other hand, air circulation was unnecess;tr>’ when the germinated spores 
and decoction on which they grew were pourwl into the "well,’* since it 
was found that, if the co\er glass over the well was sealetl on airtight, 
infection would still take place. 

Thh Part Played by Pnzyms 

In this connection the writers have in mind pectinase, whicli they have 
shown is abundantly produced by Rhizopus, and which they have found is 
capable of macerating the tissue of sweet iX)tatoes U^^)- It has t)een 
demonstrated that a part of this enzym is exuded from the mycelium into 
the substrate; also that a water\' extract of the mycelium and the enzym 
exuded into the sr>lutk>n on which the fungus had grown would disiiitegratc 
the tissue of thin sw'eet- potato disks in from 2 to 4 hours. It is likely that 
pectinase passes into the substrate almost immediately the germination 
of the spr>res. and it is not unlikely that it may dilTust‘ from tlie spt^res 
even before germination, since it has Ixen shown that a waterv' extract of 
the stx>res will macerate raw sweet-potato tissue^ in the same identical way 
as an extract of the hyphae or as the sr)lutiDn on which the fungus has 
grown. Although the exudation of t)eciinase into the substrate from living 
ungerminateti spores has not been demonstrated, it has Ixx-n shown that it 
is exuded into the solution s/x>n after germination, d'he following ex|X!ri- 
ment was design wl especially to throw* light ujxm this question, 

.\ large volume of s^x^res of R. Iritui wa.-> ^'Usiwndttl in swxvtqxnalo deerx- 
tion in 2-liter Krlenmeyer fi.i.-^ks and incubattxl at 55° ( . After 6 hours, 
the deem* t ion from one of the fiasks was fihertxl tli rough no. 2 Whatman 
filter paper to remove the >|xjres and mycelium. Raw swetnqKjtato disks 
^2 mm. thick and 1.5 cm. in diameter were partially maceratei! in the 
>o!\ition in 24 hours. A coiurol of the same sr >1111 ion slcamerl to ina< tivale 
the enzym prrxiured no maceration. Only a part of the s^xires were germi* 
Baled, with germ tulles varying from one to several times the diameter of 
the spore. At this stage it is to lx* exptTteil that there would l>e only a 
minimum amount of pectinase presimt. The strengtii of the macerating 
Rr sulf' rU)t yr t pri.‘|)arwl for puiilii ation. 
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principle would naturally depend ujxin the number of spores per unit 
volume of solution. 

The second flask was taken off at the end of 7 hours, the solution was 
filtered, and raw sweet-potato disks from the same source and of the same 
size w'ere suspended in it. Maceration of the tissue in this case was much 
more rapid, lx?ing quite advanced in 24 hours and complete in 45 hours. 
The spores were mostly germinated, and the amount of hyphal growth was 
far more abundant than in the flask removed an hour earlier. A duplicate 
experiment wnth R. nigricans gave similar results, although the rate of 
maceration was somewhat slower than in the case of R. tritici. It w'ould 
seem from these results that a substance capable of dissolving the middle 
lamellae is setreit-tJ early in the process of germination, and that this 
macerating principle very rapidly increases in amount at leas* in the early 
jwriod of grow'th. The maximum is reached in alx;ut 2 da> s in the solution 
and in about 3 days in the mycelium (17). 

It has been sh(;wn that this enzym is produced earh’ in the germination 
of the spores (6 hours). More recent researches (not published) have 
>hown that the s]>ores liictnselves independently of their germination 
contain an enzym which, wlien e\lr<iclLtl with water, will l)ring alxiut the 
disintegration of raw s\veet-tx>talo disks. 

The data presen tc'tl thus far show fairly corulushely that Hhizopus is 
unal)1e to jx* net rate nitThanicalK- the unbroken skin of the sweet potato. 
It also shows that, even though the s|>ores and Inphae alone are placed on 
a fresh wound, infection usually dot^s not take place, although what might 
Ik* rcgardtxi as faM>ra!)le tenqx-rature and humidity are pro\ :ded. It was, 
how*ever, shown l>v a nunilxr of exp<*rlments that if the fungus is grown for 


a day or two on a deox tion m.ide of s\v«*t p<‘)iatoes, and this, together 
with the mycelial growtii. is |KHire<l into a "well*" in the potato, infection 
will almost always lake place. Tlie writers showed elsewhere (17) that if 


raw sweet -jxn at o bl<K'ks were immersoti in the substratum on which the 
fungus had grown, after it had Ixm frml of the fungus, or in a watery 
extract of the dead mycelium, a rajhd dissolution of the middle lamellae 
took phu'C. This action on the living tissue is in everx' resjxct identical 
with that produccci when the fungus itstdf is decaying the potato. Atten- 
tion was also callc<l to the fact that in deeaxing swaxn ix>tatoes there is a 
zone of disintegratexi tissue adjacent to the sr)und tissue which is sterile of 
the fungus. These and other results show that for this fungus at least a 
stprophytic start is nearly if not alwaxs requirtnl Udore inff'Ction takes 
place. That enzyms play a part in the dta'ay of xari<>us phmt organs is 
pretty general Iv agreerj, and that they plax‘ an inqxiriant r(»le in infection 
has been suggesteti. Oe Barx’, Ward, Nc^rdhaiisen, Simth, ,ind others noted 
what undoubtcdlv was enzymic action. Although the ex idence as presented 
iw them docs not unqualiheilly proxe the action of an enzym, there can 
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as an enzym. Brown (4) has shown that the germ tube of Botrytis cinerea 
is unable to affect chemically the cuticle of the host> nor does it secrete any 
toxic substance which can pass through the cuticle and bring about the 
death of the underlying cells. He found that the fungus is unable to affect 
the underlying tissue until the obstacle offered by the cuticle has been 
removed. Penetration of the cuticle must take place in a purely mechanical 
way. In this connection, in another paper (5), he says: 

Once penetration of the cuticle has taken place the problem becomes simply an enzy- 
mological one. Further, in the case of the so-calletl wound {xirasites the problem presented 
is much simpler as the problems which arise aiUt*cedent to the penetration of the cuticle 
do not come into consideration. 

Gortner (13), in similar studies, found that ScUro/inia cinerea when 
grown on prune- and apple-juice media elaborated a very' active pectase. 
When the fungus penetrates the host tissue it dissolves the middle lamellae, 
forming a product which, instead of being assimilated as food, is precipitated 
as a certain compound of calcium pectate. Rhizopus is one of those organ- 
isms that are unable to make their way into plant tissue which has not 
previously been disintegrated by enzymic action. In view of this fact, the 
fungus evidently depends u^khi the secretion of the enzym antecedent to 
infection. When exposetl to sufficient moisture and to the proper tem|)era- 
ture, the spores germinate. Although the spores may germinate on a fresh 
wound, they seldom make sufficient growth to infect. The results seem to 
indicate that infection must start where there are dead cells or tissue on 
which the fungus can grow. In these dead ceils the growth of the hyphae 
is accompiinieti by the secretion of the middle- lamella-dissolving enzym. 
This enzym secreted by the growing mycelium, when once it comes in 
contact with the healthy host cells lieneath, brings alxiut a disintegration 
of the tissue which is later invaded l>y the hyphae. 

Summary 

I. Rhizopus can not infect sweet jxitatoes through the unbroken skin. 
Spores and h> phao smeartxl on a freshly cut surface will produce infection 
only rarely. However, when rhe fungus is given a saprophytic start by 
growing on dead rootlets, in syntlictic agar solid itieil on the cut surface of 
the ix^tato, or in dead cells killer! by charring over a Bunsen burner, infection 
takes place readily. Furthermore, infet tion can lx* brought alxiut readih 
by growing the organism for one nr two days in swt*et'i>olat(j decoction, 
if the decoction and mycelium are fxjurerl into a “well” made in tlicfxitato 
and then sealed over with a cover glass to prevent evaixiration. Infection 
is acconiplisheri only after the dissolution of the mid<lle lamellae by incan< 
of an enzym ipectiaase) scMTeterl liy the growing hypliae. In praclicaliy 
all rases infection takes place in wounds w’here there is some dead tisf^ue 
ufK^n which the fungus c*in get a saprophytic start. During the growth 
of the m\n ‘ iium in these dead cells, the enzym is poxlucerl which, w'hen it 
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comes in contact with the living cells of the host, dissolves the middle 
lamellae ; the cells then die, and a suitable substance for the further develop- 
ment of the fungus is provided. 

2 . The practical significance of these results is that wounding is a pre- 
liminary necessity to infection. Although sweet potatoes are necessarily 
wounded at digging time when they are broken from the stem, other wounds 
made by rough handling during harvesting, storing, and preparing for the 
market should be avoided as much as possible. 

U. S. Department of Aoricultcrk, 

Washington, D. C. 
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THE INHERITANCE OF FLOWER TYPES AND FERTILITY 
IN THE STRAWBERRY » 

W. D. Vaileau 

(Received for publication August r8, 1922) 

In a study uf sterility in the strawlx,*rry begun by the writer in 1914, 
a portion of the work was dirertcd toward determining the underlying 
factors causing “nubbins" or imperfectly develoi>ed berries. These are 
commonly produced from the tertiary and later flowers of the inflorescence 
of many cultivated varieties of strawlx‘rr\’ and result in considerable loss 
of fruit tow^ard the close of the picking seas(jn. 

A study of the fruiting habit of the wild American strawberries and of 
the cultivatixJ varieties prows conclusively that the production of nubbins 
is directly related to pistil sterility, and that pistil sterility is decidedly more 
prevalent on plants w'ith certain flower types than on others (7). Therefore, 
since the question of fruitfulness in the strawberry is primarily one of sex, 
a thorough knowIe<lge td the flower ty[x*s and of their inheritance is essential 
to the strawt)errs’ brmler if his work is to lx* other than blind crossing and 
selcrting for «‘hance high-yielding clones. 

The work on tlie inheritance of flower ty[x*s in the strawlxrn- has been 
discontiiUKHl by the writer, but, as some facts have Ixx^n determined, he 
presents the data obtained! and the coriclusiniis dr.iwri from them. 

Id.OWKK TyPI-S !\ THIv SlRAWntRKV 

In the cultivateti straw Ixrry, pistil Lite and t>erfect flowers are commonly 
encountered. The pistillate flowers Ix'ar small alxtrtive stamens which 
have never Ixen ol>si*nxHl by the writer to produce pollen. The pistils are 
generally ver\’ fertile, pnxlucing jxTfoct fruits from most of the flowers and 
comparatively few nubbins. The ix-rfectdlowcrai varieties develop anthers 
which prodiKX* \ arvii)g .onutintsof imrmal [xflicn. .\s a class, these \arieties 
are less fertile than (he pistillate \ a fifties and [mxliicc a higher percentage 
of nubbins and r>f sterile or male flrovers (7'. 

The wild s|xxies of American strawlxrries may Ix' divided into two 
types; those which Ihmt onl>‘ ixrfect flowers, as hragaria amcruan-a, and 
those which are duxvious. The pistils of the former spet'ies arc ver\' fertile, 
and nubbins or sterile flowers arc s<*ldoni seen. The dioecious type^ produce 
pistillate plants and pl.ints which ap[>arenily are hermaphrodites but are 
in fact stamina tes. The [listil.s of the pistillate clones arc usually fertile, 
but* the pistils of the staminate cUmes are r.arely so. and the few* laerries 

* Piifxr \o. Journ.il .'vrie*. CniVTrsity of Minnesot.i .Xgricuhural Expenment 
Station. 

-\V) 
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developed are practically always irregular nubbins. These clones are 
somatic hermaphrodites; i.c., they appear to be perfect but the pistils are 
sterile. Occasionally other flower types are found in F. virginiana, such as 
completely sterile clones in which pollen formation never proceeds farther 
than the tetrad, but such forms are comparatively rare and need not be 
considered (7). 

Material 

The material to be considered in this paper was the result of crosses 
made at the Minnesota Agricultural Experiment Station in 1915 and 1916, 
The seedlings were later transferred to the Minnesota State Fruit-Breeding 
farm at Zumbra Heights. The individual plants were set in the field where 
they were allowed to multiply for one season. 'Phe h>llowing season, 
records were made as to the sex condition and the degree of fertility of the 
various clones. In nearly all cases the records ol)taine(l are the result of 
observations of the st'x condition and fertility of several plants of each 
clone, and therefore probably represent fairly accurateh' the s<‘X condition 
of these clones under field conditions. A few which did not blossom in 
1917 were left until 1918 when final records were taken. The writer is 
indebted to Mr. John Bushnel! for completing the records on certain crosses 
in 1918 while the former was absent in military service. 

* 

'ri;RMlNOt,(K,\ 

For the sake of coiwt-nience and clearness in discussing the crosses of 
the various flower types. s\ nil)ols will Im.- iiscxl to represent the various sex 
determiners. Shull (41 suggested! in the c,ise o! Jiychnis the use of the 
symlKd FF to represent a female anti FM tt) represent a male, as he deter- 
mined that the females were homozyg(His for the sex determiners whereas 
the males were hetero^'ygous. Similar symlxtls have Ijetm found appropriate 
in interpreting the sex ctJiulition in the grajK* ( 5 j. It will Ik' apjKirent from 
the following discussion tlMt the.se s> nilxfis will nt>t appK‘ in the case of 
the straw! H.*rry, situe the I'e nudes are apparently heterozygous for the 
female arul male determiners and the males homozygous. Therefore the 
symlxjls F.\f ami will l>e usexl to tlesignate the genetic ('ondilion of 

the tenuile and male pl.ints resjH.‘Ctively of the dioecious wihl harms, and 
Flf and //// the females .nul hermaphrotlites resj^rtively of the cultivated 
varieties. a> it h<is Ix-en >howt) that tin* ruitivattsl luTmaphrrxlites have 
[>roh<tbly Inen deriverl from partially fertile wild male tytx,'s (7). In (he 
.strawl)erry, ris in the grape, it may Iv .e'sumerl that the factor for female- 
ne>> iF) c.trrles linked wuli it tite ^uppTesMsi male factor, and that the 
functional m.iie factor is linked with .1 factor tor femaleness which is sup- 
p^e^'5ed In tlse extent tiiat only s^anatu' structures are deveh^Kx! am!, the 
pistils are sttude. In the lax* of the henna phrorti lie strawlR‘rrics, the 
female corvVuion is mu suppre^Mtl, and the pistils are iherehrre fertile. 
The symUd // then repres4'nts the linkixl factors /■’ and .U. 
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The seedlings studied fall into five groups based on parentage. These 
arc as follows; Hermaphrodite X self, herniaphrcxlite X hermaphrodite, 
male X male, female X hermaphrcxlite, and female X male. The various 
combinations will be ctjnsidered separately. 

The term female will l>e used in referring to pistillate plants bearing 
abortive anthers; male in referring to the somatic hermaphrodites which 
generally liear sterile pistils, and the term hermaphrodite in referring to 
those perfect-fiowered forms whit-h are fertile with regard to both pistils 
and pollen. 

Hermabhroditi:: X S]-;j,F 

Table i gives the results of self -fKillina ring hermaphroditic varieties of 
strawl>erry. A total of 352 hermaphrcxlites, or sr^matic heimaphrodltes, 
and no pistillates were pnxiiiced when 11 distinct clones were selfed. 

I ABtB I. ReiuUs of Scif-pollinniiv^ Perffci-JUmercd Vnrielics of Strau'herry 


Ix)t No. 


Ifi rniaphn 

t/tS 

77s 

6s 

1/16 

I'l of (77s X self j 

2 

32/If;, 

Fi of <.778 X st^lf) 

IS 

57 /H* . . 

Ki of i/\ X 77s 

46 

f>/l 5 

South Dakota 

m 

3/16 And 40 1(1 

Dunlap 


4/16 an<l i<> 

Minn no. 


63/10 . 

I- t-nitfll 

3 


Pjulitk^ 

2 

54/1 

Ki <if ff'iIcnMllr V x-li 

5 

ts/to 

(.hnvillr 



S('X of Progeny 


PlstHlate^ Staininatcs 






In view of the mnnlwr of difienni pareni j)larn> ust'ii. the results go to 
ftrove that hermajihrcKlites do m»i ca rr\' the faci<‘r for femaleness and are 
therefore homozygous for the lu‘rma[)hrotbie determiners. These results 
are in ket^ping with the condition fotiml in the Iiermaphnxiitic wild species 
F. ameruam, which mu>t Ik* considcrt^^i to be homozygous for the hermaph- 
rodite determiners. The> are .dso in kcejiing with results of sirawlx^rry 
breviers who ne\er e\|K‘ct pi'-liMate N.oieties to result whcti only hermaph- 
rfxlites are urhI as i),jrent>. 

Although all these sc‘t*dling> wen- hermaphoKiites ,is far as K'^maiic 
condition is concemtHi, then' were <li>ritn't differences in the fertility of 
<ome of them. Lot 32 16. .01 Ki of X s<*lf. prcHluctHl 18 fertile plants 
and one which was sterile. Sterility in tliis one nia\- have Ux-n the result 
c'f weakness, due to Mdf‘jK)llina(ion or lo s>n]e other caii.s<’. 

An hermaphnnlitic F) progeny of F. nr^ifiiurui C X 778 Oot 57 ib) 
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when selfetl produced 46 hermaphrodites of varying degrees of fertility, 
and 2 males which were completely sterile. As will be shown later, the 
pistillate strawberr>' plants appear to be heterozygous for sex, and therefore 
the female grandparent F, virginiana would be of the constitution FM and 
when crossed with 778 (////) should give I female {FH) to I hermaphrodite 
{UM). 11 M was the supposed constitution of the hermaphrodite selfed in 
lot 57 16. The expectation from it when selfe<l would l>e 1 IIH : 2 HM : 
1 MM. There were produced 46 hermaphrodites and 2 males, one of which 
was very weak. The hermaphrcxlites varied in fertility. Five were com- 
pletely fertile in all flowers; 26 set all but quaternary flowers; 14 were 
fertile in primary- and secondaiy flowers while the tertiarics were either 
sterile or paxluccxi nubbins and the quaternaries were sterile; 1 prtxluccd 
only nubbins and was practically a male. Although it is difficult to classify 
each of these with restx.*ct to its genetic constitution, it seems apparent 
that all the e\i:)ecied classes are represented; the II li l)eing those completely 
or nearly completely fertile, the MM those completely sterile, and the 
HM group those showing intermeiliatc degrees of fertility. These* results 
are signiheant of the constitution of the wild female, as they show conclu- 
sively that the tendency toward sterility of a dioecious sjx‘cic*s may l)e 
transmitted by the wild fem.ile. which is fertile, to hermaphroditic progeny; 
whereas Its female progeny are always ((uiqiletely fertile. A probable 
explJbaiion tor the variations In leriihty of the IIM individuals will l)e 
discusseti later. 

Lot 15 16, ('.leiiville X self, although conforming to e\jK‘clalU)n as far 
as sf^matic chara('ters are concerned, was strikingly different as to fertility 
from the other .selfetl lierrna[)hro<iite-«. riii.*> \ariet%‘ was mentlonetl In a 
previous ]>.qwr (7* as Iwing practicaily sienle when grown untler held 
conditions although it prolucr'^l l)lnvsoin'. profuM“ly. When grown In a 
bench in tht* greenhrjuse it cxhibileii the siuie sterility in the tirst crop of 
blossoms, but when [xUted and ke]>t in the lunirs* until a sc*cond crop of 
bU>ss<)nis was pnKiuceri it exhibittsi a fairly liigh degree fertility. It 
evident that environntent plavs an im|>ortant p.irt in the fertility of certain 
clones. This variety (15 16^ when mUisI poKl tiers ! 55 strd lings, 27 of 
which were completely sterile under tiek! conditions while 28 pr<Kluce<l 
s^ame fruit, tff these, ii exlubiit'ri a fairly high degree of fertility untler 
Meld contiiiions, while the remainder only an o<.casional flower and the 
l>erries poxlucetl were f>ftrn nubbin^. One s<*eflling, which prt.Kluce<l an 
(K:c«isional berry when greavn in the green houst*, wa*' self {xjllinaterl (54. 16!. 
It prcKiured 5 lings all of which were sterile to a high degret*. setting 
only an rx'ca:^ional acheta oti smie of the primarx* flowers. It ap]XMrs from 
the result.^ obtaineri that (ffenville carries ,in hermaphr'Klitc factor whicli 
is ferule and another which is practiiallv sterile. Lmler certain cultural 
conditions, ’he tir^t r)l thesr* factors is dominant amt fruit resultt^, while 
under rythVr < t>n(litifnis the other is rlominant and the plant is sterile. 
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Hermaphrodite x Hermaphrodite 

The cross heriruiphrodite X hermaphrodite should give the same results 
as to sex types as hormafjhrtKiite X self. The results of ii such crosses 
are given in table 2. 

Tabi.k 2. !if suits nf Crossing Perfed-^ou'ered Varieties of Strawberry 


Ut 

No. 


\'arltnic*s CrosiM'ii 


14/16 

23/16. 

71/16, 


24/*6 
34/* 6 

47/16. 
47/*6 
4 «/i 6 
53/16 
1 S 16 


Kendd! X OiinUp 
Kcndfll X Minn, no. j 
d'l of S. Dakota X self) 

X (F: of 1017 X Prog reas JVC') 

(Ki of 778 X st'll j X Minn. no. 

(Fj of 778 X x'Ki X Glenvillc 
Dunlap X Gk-nvilk* 

(Fi of F. virg. » X 778' X ( iU;nvil!e 
(Fj of F. i'jrg. 5 X 778; X t i!< lu illr 
Minn, no. 3 X Glcnvilk* 

(Ft of 778 X sc'lfi* X Glcnvillc 

'F| of t>!cTi\i)l<’ X s4‘Ui X Mi Jin. tm'. % 


Se.v of Fi Seedlings 

flvrmaph- f^istillatti • Staminate 
rudite 



Tot.d 


* Marni-tJ" «>( !iu< i on'di.it < f. t*i- .oj i l j-ut-ns- 


'Phest* results .jre siniil.ir l<> ihu-i- nlaaiiu'ij l-y scdhii^ hiTni.iphnxJites, 
with (he eNceplloji i>f onr rro.^s wliich g.i\e aj)parentl> a I : I ratio of 
hermaphrrxlites .in<l itistillaU s. I la -sc were (he pio^^eny <‘f i cross in which 
an hermafihrcKiit ic Vi s^'edlinjk: <»1 /'. vir;c_tf:uit:a » 778 t was used as the 

female parent and ( tlein ille (lie male parent. .Xcrordin^ to our hypoth> 
esis. the female parent (hermaplinHlite’ tleriMtl fniin F. vifginuifui i X 778 
should U‘ of (lu‘ const itutiem Mil. the M iepres<riiing tlie male determiner 
(arrie<i l>v a wild feniole. tiletnille we inav u-ii-idcr to Ik* ////. From 
-ueh a cross all (he progeny should be herniaphoKiites at least as far as 
van. tlie mnditioti is mneenuxl. It seems probable that this w.\s the case 
in view of the stamen ia>ndilifui fouml Itt a ixntinn of the dowers in other 
(ombin.itions in which 778 was ukxI. When 77^ ''**8 stlied it produced 
*»n!y hermaplirtHiiio. Suiie of tlieK- (levelo|Hxl stamens which produced 
«»nly a small anvuiiii of jMallcn in some llowcrs while the stamens of other 
flowers were practically identical with the stamintMles of pistillate plants. 
One of these clones was list'd as the female partmt in a cross with (tlenxille 
(table 2, 53,1b). This cross (ir<Khh‘<'<l t>7 hermaphrixiitos. Forty*.s<*\eii of 
these develoix^i normal stamens in all the flowers. Twenty showixl a 
degded tendency (owarxl (he [tnxlucticm (d* stamimxk's similar to those 
ioiind in pis! ilia le fh overs or (»f tin interimxjiafc lyix* found in their female 
llnTmaphrtidilic) ivirent. Fde^c^ of the twenty lx>rc flowers which pro* 
18 



264 


AMERICAN JOURNAL OF BOTANY 


[Vol. 10, 


duced many staminodes and intermediate stamens and a few normal ones, 
while the other 9 produced many flowers which could not be distinguished 
from those borne on pistillate plants. Only an occasional perfect flower 
appeared to indicate the true sex condition of the plants. I believe that the 
five apparently pistillate seedlings resulting from the cross 47/16 were of this 
t>pe, but were not observed at a time when perfect flowers w'ere present. 

Of two hermaphrodite X hermaphrodite crosses made by Mr. Charles 
Haralson, one, 1017 X Francis, resulted in 43 hermaphrodites, all very 
fertile, and no females; the other, 1017 X Progressive, resulted in 1,105 
hermaphrodites and 33 females. Here, again, the writer believes that these 
were not true females but were hermaphrodites observed at a time when 
no functional stamens were present. This view is strengthened by the fact 
that in this lot of 1,138 seedlings, 433 hermaphrodites produced some 
female flowers. In some of these the primaries only were pistillate, while 
in other clones only an occasional jx.Tfect flower was produced (7, PI. 35). 
An occasional pistillate flower Is (|uite rommon in many of the hermaph- 
roditic varieties, especially amoitg the primary flowers (>nKluced early in 
the spring. They are always fertile to a high degree, and produce the 
largest berries Ijorne on the cluster. Wild males of h\ rtrgtnmna may also 
produce an occasional pistillate primar> flower which is generally fertile. 
A more extensi\e study of such tyjx's as these may throw light on the 
origH of ditx'ciousness in the genus Fragaria. 

Staminate X -Staminate 

The cross staminate X staminate should give results identical, so far 
as somatic flower types are concerned, with the com l)inat ions thus far 
considered. Only a single combination of this ty()e was studie<i. The 
female parent was a staminate plant of F. vir^iniana which prcxluctd a 
single pistillate primar>- flower. This, when |X)l!inate<l with |K»ilen from a 
staminate F. vir?_inuina, set a few setds. These prtxlticed 4 plants, all of 
which were M^matic hermaphnxiites or ! 11 ales. 'I'he cross was truly stam- 
inate X staminate rather than hernta[)hnKlite X staminate, as the plant 
use<l as the female would always Ivt* con>iderc<l a purt’ stamin.ite in nature. 
Thus far we have ohtainetl a tr>tal of 1,714 hermaphro<litcs or wmiatic 
hermaphro<lites to a j>os?<ible 3H pistillates when hermaphrtxlitcs were 
pollin.ited from hermaphrrxlttes in tliflerent ( ombinations. In view of 
the e\planaiii>n given of the probable si-x condition of the 38 pistillates, 
the results leave little doubt that liermaphrtKliti^s or somatic herniaphrcxlitcs 
carry only tlse liermaphrrdite and male determiners and <lo not contain the 
deternuner for femalenc'ss. The strawlxTry is then in dirt*! t contrast to 
the condition found in Lycimis ,ind \*itis. in lioth of which the hermaphro- 
dites have lx‘# n >hf)\vn tr» lx* heterozygous fi>r the st*v determiners. * 
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Pistillate X Herihaphrouite 


Table 3. Resuits of Crossing Pisliliiite with Per feel- flowered Varieties of Strawberry 


S(rx of I") Seetjlings 


I.ot 

No. 

X'arietics Crossed 

Hormaph- 

nxiitp 

Pistillat 

2S/16, 

40/16. 1 

(Fi of Crescent X 

X Minn. no. 3 

Enormous X Dunlap* 

Hederwood X (Henville* f; plants; 

21 

U 

16 

1 J 

40/16. ■ 
40/1 6 . 

Enormous X Dunlap 

Enormous X Dunlap* 

5/15 67 -2 9 X Glen vl 11 c* 

n 

13 

M 

66/16. 

Columbia X 5/15 70-4 

26 


l 5 /t 5 - 

/■'. virginiana X 778 

18 

iH 

33/16 

5/f5 62-5 X (denviile 

27 

37 

45/>6 

5/15 64-2 X Cdenvillc 

32 

28 

49/16 

mnlerwood X r'denviUc 

26 

28 

65/16. 

('ohimbus X Glenvillt 

<1 

10 

56/16 

5/15 X t »l<-n\’il 1 e 


5 


Sianiinate 


Tot.i! 


Jwo 201 


• tniv»’<| tiy .11 ifii fn 


If we accept tlu* chromr^Kjnie iheur\' of inlierit.mce as applied to in 
the strawlxTry, \vr nuist (cjnclude that ihc females are heterozygous for 
the determiiters // uv M and /*'. flefxmding on whether cultivated varieties 
or wild pi si i Hates are c<auerned, in view of the fact that the male plants 
and the hernia jdinKllte^ }ia\e Unh U'cn shown to be homozygous for 
s<*\ determiners. 

The results (»! cr<tsse-' in which pi^ti Hates were ustxl as the female parent 
and various herniapliKKlites as the male parent are given in table 3. There 
is a detinite I : I si*gregati<Mi (T the 400 si’tsllings into 199 hermaphrodites 
and roi pistillates. 

In four (Toss<‘s of pistillate lKTma[)hriKiiie made by Mr. Charles 
Haralson and reojrde<! l>y the writer, tlie results shown in table 4 were 
obtalnetl. 


Anti 4. Rr.'to< 

a . i >( ■ ‘ .1 } »j;' < 1 nVa/r 


of Strtiu f'erry 



I’tHilUtc 

Hermaphrodite 

Sislling 1020 

9 V PrognsiMve. 

.^1 

4 > 

S«'e<lHrnj PCo 

9 X S'lsllui}: 907 

16 

9 

Mrtpfjr V 

X Seeslling 907 . 

28 

22 

tV^K!mli\e » 

Sts^jling u>l 7 

4 

5 

Toi.-il 


76 

77 


.These results Icvive little doul*l that the pistil Kite plants of hragaria are 
heterozygous with rrsjxxtt to the si‘\*dciermining factors. The results of 
the writer in crossing pistillates hy hermaphrtKlites are in ket'ping with the 
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results obtnined by Richardson (2), who obtained a total of 203 9 and 
173 cf or ^ in making similar crosses. 

Sex inheritance, in all these crosses, conforms to the theory of a heter- 
o/ygoiis condition of the females, the female condition being completely 
dominant, with one possible exception. This was the cross 45/16 in which 
5/15 64-2, a pistillate, derived from the cross 5/15 (table 3) was used as 
the female parent and Glenville as the male parent. This cross resulted in 
32 hermaphrodites and 28 females and approximated the expected i ; i 
ratio. The fertility of the seedlings, however, was not what was expected. 
Fifteen of the females set all flowers except an occasional late one but 
produced only a few achenes pet berr> , and as a consequence ail berries 
were nubbins. The remaining 13 females were completely fertile except 
for an occasional late flower. Twelve of the hermaphrodites set some fruit 
and in some cases nearly as many flowers as the females, but all the l)erries 
were likewise nubbins. Kleven hermaphrodites set nearly all flowers and 
the berries were perfect; 9 others set one half or less of the flowers j)erfectly. 
The remainder were males. The cxjXTtation from this cross was ! fertile 
female to i hcrmaphrtxlite \ arying in degree of fertility. In other words, 
the females should all have lx*en completely fertile and the hermaphrrxiites 
either fertile or partially sterile de[X‘ndiiig nn whether the // from the 
female parent united with the more fertile determiner of (deiiville or with 
the one which has Ixxai shown to lx* practic.jlly sterile; <itul oii the extent 
to which the II determiner from the female parent is dominant over the 
.''terile //, Instead of the exjxutt^^l ratio, i normal female to 1 [iraciically 
sterile female ! nubbins) to i fertile hennaplinKliie to 1 ])arti.»ny fertile 
hermaphrorlite was obtaine<l. 1'his and one other are the only cases 
observed in which fenniler^ have m>t Ix'eii nearly c(jmplete!y fertile. There 
has evidently lx*en a decide<l change in the female deter min<*r in this single 
instance. For an explanation of this jxx'uliar condition it s{*etns we must 
go back Ixryond the two Irnmtxliate parents. I'he male parent (den\ille 
is prob<ibly not the caus<*, .ir>, when cro>H-<l with other female^, it has not 
procluce<i similar re>u1ts. 1 he female parent was the oflspring of a wild 
female X hernu[>hnxlite 77 H. Two other I'l femak^s this cro>s acte<l 
according to e\[K‘Ctation when crosse<) with Glenville (50 10 .md 33 tb. 
table 3). It seem>, therefore, that we are forcetl to assume that a change 
t<X)k place, {Probably fluring the red ue lion division, in tlte wild female 
grandparent . .X t rossing over in the female and male chromoT»f>mes Ijctween 
the female determiner and the suppressed male <le terminer and vice vena 
in the male thromos^)me wfuikl give a chromosome in which lx>th sexes are 
suppressed : (m/ or h). An egg containing such a (dironvasome if fertiUzctl b) 
a male gamete from 778 » arrying an hemiaphrfKlite determiner wouUl produce 
an individual having one determiner lor femaleness and one for malenes.s, 
these two bung 1 inker i ill}. The (onstitutlon of this individual would 
then be Hk. WT* have already s«-en that a single dose* of femaleness is 
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sufficient to produce fertile pistils (wild female) while one dose of maleness 
is not sufficient to produce functional stamens. This plant would then be 
a female. The only records on this individual, which was grown in the 
greenhouse, stated that it was female and had berries strikingly like the 
berries borne on the original wild female. The berries borne on its sibs 
were all much of a tyi>e and more intermediate Ijetween its parents, although 
most Fi plants of F. vir^iniana, when a pistillate is usc^ as a female parent, 
resemble the wild to quite a degree. If we are correct in the assumed 
constitution of this female, and if it is crossed with Glenville, the expected 
combinations would l>e as follows: hll (female) X ////* (Glenville In which 
// is a normal hermaphrodite and IP is a weak hermaphrodite or male) 

= I hll (a fertile female) : l hll^ (a female sterile or producing only nubbins) : 

I II I J (a fertile hermaphrodite) : i HIP (a partially fertile 01 sterile her- 
maphrodite of the Glenville lyjK*;. These are in fact the tyjx^s which were 
produced, A similar explanation might be given for the origin of the 
completely sterile wild clones of F. vir^iniana whieh are occasionally found 
in which neither the stamens nor the pistils are functional. It is not 
maintaineti that this is the correct explanation of the results obtained. It is 
based on the assumption that the male and female determiners in an her- 
maphrfxlitic chromosome are K^parate and distinct, and that, as a conse- 
<|uence, crossovers might rxeur between them. The four types of plants 
were ver>' distinct, and the numlH-rs were so large as to Indicate a genetic 
cDndilion diffiTeiu from any previously .studiwl.* 

.-Vlthough the results thus far gi\en all jxjini to the hermaphrodites 
Ix’ing homo/\‘gous f<jr sex determiners, and the pistillates heterozygous, 
they arc not al:>solutely t<>nclusi\e. since the progtMiy of selfed females have 
not yet Iteen studied. This 1 lx‘lieve will Ik* im|x)ssiblc in the strawberrx'. 
as I h.ivc ne\er found a stamen on an> the culti^‘at^*d pistillate varieties 
or on wild pistillate clones whiih sltowtxl an>“ signs of producing |X>llen. 
If, however, we can transfer the sterile male coiniition of the wild F. n’rgin- 
infiii to progeny through the use oi a wihl I. vir^ifiuifio female with fertile 
hermaphrodites, it wouM seem that we lia\'e [>ro\a*<l its Iteterozygou? 
condition for F and d/. d his Mam- to liave Ix-en done in the cross 5 15 
(!al>le which a wild F. , was the pistillate jKtrent and the 

\er\’ fertile hermaphrinlite 77 *'' male parent. I his cross produced 

IS pistillates. all fertile to a high <legree, and 18 lurniaphrcKlites. Nine of 
the hcrmaphrCKiices were miiipletelv fertile. 4 were fertile except for an 
' xansional terti.irv or <juatern.iry tiower. while 5 only an iKcasional fruit, 
t hi the theory that justillates .ire lunerctzygoiis, the* genetic constitution <»( 
the wild female would In* FM and that of the hennaphnxiito III!'. The 
female pri>geny of this cross would then all l>c /■// /*//' .ind winikl lx* 

^nn^pIet<dy fertile. The constitution oi the hernTiphoxituc j>rogcny would 
'•The tjthrr tase \n which a trm.ii. lu.irly ^tvrilc tiom ihc »mss <>5a<5. 

^ "hiinbus X tilrnviik, vkluch pr<s1u<'o! <j iu'i in,n»SHts1ius anii tl lein.iles, to ol xhuh 
Ht-n* complrtrly jrrtilr wliilr r.ne <>nl\ nubbins. 
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be HM and depending on which of the H chromosomes of 778 com- 
bined with the M. What should be the sex of these new genotypes? They 
should be hermaphrodites as far as somatic condition is concerned and 
should be completely fertile, partially sterile, or sterile, depending on the 
extent to which their sex is determined by the hermaphrodite or male 
determiners and on whether the two hermaphrodite determiners have an 
equal or an unequal potential fertility. The hermaphroditic progeny were 
of two classes consisting of 9 completely fertile clones and 9 partially sterile, 
as was previously mentioned. These results would seem to indicate that 
the two II factors of 778 differed slightly in potential fertility and, when in 
combination with the same male factor, resulted in different degrees of 
fertility. This does not necessarily follow, however, as it wall be shown 
later that a single 11 factor of a female plant, when united with the two 
male factors of a wild male, produced progeny showing the same variations 
in fertility. The result, when one of the 5/15 {F, virginiana 9 X 778) 
hermaphrodites was selfed, was reported in table 57, 1 6, and was analyzed 
in the following discussion. It was there shown that pure males, completely 
fertile hermaphrodites, and intermediates could be produced from one of 
these HM hermaphrodites. These results prove that the wild females 
carrx’ the factor for maleness, fenialeness being completely dominant over 
it, and that the factor for maleness can be transferred through the wild 
female to hermaphroditic progeny, and that, when in combination with an 
hermaphrodite factor, either one may act as a dominant, prfxlucing complete 
fertility or sterility, or both may show partial dominance resulting in 
partial fertility.^ 

The question as to whether one hermaphrodite of the constitution IIM 
may be fertile and another partially sterile, or whether one // factor may 
be potentially more dominant than another, is extremely im[X)rtant from 
an economic as well as from a scicntitic standpoint. The case of Glenville, 
previously mentioned, in which the sex varie<i from male to hermaphnxlite 
under different cultural conditions, and which produced, when selfed, both 
fertile and sterile seedlings, is evidence that one of the sex factors may l>e 
dominant at one time and the other dominant under other conditions. 
Further studies on the relative dominance and potential fertility of the 
//factors in the cultivated strawberry may throw considerable light on the 
reasons why certain varieties fruit heavily under some contlitions and pro- 
duce an inferior grade of irregularly shaperl fruit under other conditions. 


VvSTVV.t.MV. X SwSUNMV, 

The cross pistillate X staminate should give the same rest ills as pistillate 
X hermaphrrxlitc as far as ixmiatic appearances arc conccrncxl. Th« 

* B/)th the // ami the f.u tors mvist \w ronshlerctl to be rercsslvrs, as l)olh arc 
sive to the F factor. This to bo true in spite of the bart that the // (actor appe.irs 

to carr>- function*! F ,in<\ \f fartors linked. 
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progeny of only a single cross of this type has been studied. The female 
parent used was a pistillate derived from crossing a wild pistillate F vir- 
pniana {F^^) by the hermaphrodite 778 ( 1111 ) (5/15. table 3). All pistillates 
from such a cro^ should have the constitution FFL This female was 
crossed with a wild F. virginiana staminate. Twenty Fi seedlings were 
obtained, ^leven of these were pistillate and 9 hermaphrodites or somatic 
hermaphrodites, thus giving a close approximation to the expected i : i 
ratio. The pistillates were all very fertile. Of the 9 hermaphrodites 
obtained, 3 set no fruit while 6 set fruit in var\dng amounts, from only a 
nubbin on the primary flower with the others sterile, to some which set 
fruit on flowers of all degrees but with a portion of the tertiaries and quater- 
naries sterile. If the 9 hermaphrodites are divided into two groups with 
regard to whether sterile flowers or fertile flowers predominate, there will 
be 6 classed as sterile and 3 as fertile. These plants are all of the constitu- 
tion A///, the II facKjrs all being identical and the M factors being derived 
from the wild male parent. Thus the male factor of the wild female was 
replaced by an hermaphrodite factor in the female parent of this cross, and 
maleness was introduced into the progeny by a wild male (MM). The 
results of this cross are similar with respect to fertility of the hermaphrodites 
to those obtained from cross 5 15 in which a wild female (FM) was crossed 
with a cultivated hermaphrodite (////), It is thus seen that malcness may 
be introduced into otherwise fertile strains of strawberr\* by the use of 
either the wild females or the wild males. Even though the flower types 
with respect to fertility of the hermaphrodites are not always clear-cut, 
these results are in accord with the chromosome theory of sex inheritance. 
It would seem that the outward expression of a given sex determiner may 
be influenced by the sex determiner with which it is associated and also by 
the autosomes associated with the sex chromosomes in the nucleus. 

Discussion 

The Sex Determiners 

In the alx>ve presentation of data, and in the conclusions which have 
been drawn from them, it has been assumed that the determiners for sex 
are definite factors and that they are carried in a definite pair of sex chromo- 
somes. We must .assume that the \arious sex conditions which appear 
have l>een derived originally from an hermaphroditic condition in which 
the determiners for the two sexes are linked in each of a pair of chromosomes. 
The v.'irioiis sex ty[>es which appear in cither the grape or the strawberrx', 
or, in fact, in any of (fie lowering plants wfiiVfi are ciitX'cious antf sfiow a 
variety of sex tyjK's intermediate bet wet'll staminate and pistillate, we 
assume to iiave In'cn derived by su/ipression, either partial or complete, of 
one of the f/etemiiners for .sc'v in the sc\ ('fironiosonies. Iea\ing (he other 
factor functional (5). It ran fi.inily ft' assunictl (hat one or (ho ocher sex 
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determiner is ever completely eliminated, since abortive organs, either 
stamens or pistils, are often present in flowers of the opposite sex in sup- 
posedly strictly dioecious forms, and occasionally even perfect reproductive 
organs of the opposite sex are found in such “strictly” dioecious forms as 
Acer Negundo, 

In the strawberr>^ the assumption of partial suppression of the female 
determiner is necessary in both the sex chromosomes of male plants of 
F. virgintana. Femaleness is still present and functional to the extent of 
producing apparently normal pistils, which, however, jtrove to be sterile. 
In the hermaphrodites of the cultivated varieties (derived from dioecious 
wild species) suppression of femaleness is ver\- slight but is still present to 
a degree in many cases, as shown by the decreased fertility of such forms 
when compared with pistillate varieties (7). In some hermaphrodites there 
is apparently no suppression of femaleness, since they may l>e completely 
fertile. The pistillate plants of F. virgin tana we could assume to contain 
two sex chromosomes which are different. One of these would be identical 
with the two found in wild staminates, /.c., male (4- female suppressed), 
and the other bearing the normal female determiner linked with a suppressed 
male determiner. Cultivated pistillate varieties would then l)e of the 
constitution female (+ suppressed male), and herntaphrodite. In other 
words, we should assume that a single dose of femaleness, if carried as an 
F factor, is sufficient to produce fertile pistils in the pistillate plants, while 
two doses of maleness are necess;ir\' for the production of functional sta- 
mens. If only a single dose is jiresent, staminodes are produced. On the 
other hand, If there is present a single dose of fenialeness linker! with a 
normal male determiner, thus forming the rtvessive // factor, it may or 
may not be sufficient to produce functional pistils. 

.\n interpretation of the data presen ter 1 on the basis of these assumed 
chromosome conditions leaves little dr)ul)t that the males an<i hermaphro- 
dites are homozygous for sex chromosomes bearing functional male deter- 
miners. The females, on the other hand, must be assumed to [xissess one 
sex chromosome carrying a male r)r hermaphrodite determiner, and another 
chromosome carrying the female determiner. In other words, we have a 
condition similar to that existing in pigeons ,tiul cultivated fowl in which 
the males are apjiarently homozygous <ind the females heterozygous for the 
se.v determiners. The condition is op^xisite to iliat which )no7 Ixm found 
to exist in tlie females of Uryonia, I.ychnis, sweet [km, and X'itis, In view 
of the fact that either males or females ma>' Ik: heterozygous in the anim.d 
kingdom, it is not surprising that Inuh iy()es >h(>uld l)e found in plants. 

The writer has not attemt)ted to give a rc\ iew of the literature on sex 
inheritance and ,s<‘x deterrnin.ition n (il.ints, >ince this li.i^ reeently tH?en 
flone rather ct)mprehensively by X'ain|x>lsky (H, 9, to;. . • 

.Although a factorial basis frjr sr’X determination is rather generally 
a<lmittetl to U' correct for explaining inheritaiu'e of jx'x in .inimals, A'amjx>l- 
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sky and others are not inclined to believe that it will also explain the con- 
ditions found in plants. This is due primarily to the fact that an individual 
may during its life or during the flowering of a single cluster appear to 
change its sex. In other words, there may be periodic alternation of 
sex.” Yampolsky (10, p. 99) holds that “a factorial hypothesis for sex 
can not explain these results.” In his work on sex intergrades and sex 
inheritance he worked primarily with Mercurialis annua. The material is 
unfitted for a study which will readily produce accurate results because of 
the mechanical difficulties enc(juntered in making the crosses necessary for 
a proper interpretation of the genetic constitution of the several plant 
types. His conclusion that males when selfed tend to produce males or 
plants predominantly male, and that females selfed tend to produce females 
or predominantly females was based on the results of selfing a large number . 
of flowers on female plants, of crossing females with males (which produced 
a I : I ratio (d males and females;, and of selfing female flowers on male 
plants. His results obtained by selfing female plants would seem to show 
conclusiv'ely that the females are homozygous for sex determiners, if we 
attempt tt> explain the results on. the factorial basis. Females X males 
produced a i : i ratio of females and males, as would be expected, and the 
results suggest, in view of the results obtained from selfed females, that the 
males arc heterozygous for the sex determiners. Although self- pollinated 
males produceti only males, the statement (8, p. 434) that ”the selfed males 
of Mercuritilis annua may be said to’ record their own gametic constitution” 
is not based sufficient evidence to warrant discarding the chromosome 
hypothesis of si^x inheritance in plants. Vam;x>lsky does not take into 
consideration the [X)ssil)le effect of lethal factors on sex ratios. There is 
abundiint evidence from his results to indicate that the sex ratios of the 
progeny of his selfed males may base Ix^en influenced by lethal factors 
which inhibite<i the normal development of the embryos or which later 
affectetl germination either by weakening it or l>y destroying it completely. 
From a total of 156 female flowers on one lot of male plants he obtained 
283 se’Orls. Iff these, 31 were immature. He e\])!aine<l immaturity as the 
result of (uu- seed developing faster than the other in two-seeded ovaries, 
so that in gathering the s<‘e<ls the immature one is likely to be gathered 
with the mature one. Of the 283 sctxIs obtained from this lot of male 
plants, 219 were stnvn. Of this [lumber 75 seedlings otj/y dci'cloped. These 
were all male iilant>. It is ob\ious that Hunelhing interfered with the 
normal deveUipmeni of the other soinis. Certain ones devcloj^ted slowly: 
others germinaU^d weaklv and then dieil; while others did not germinate 
at all. HorticuUuri.^ts are genemlK' aware of the btct that slightly immature 
soe<ls germinate ncarl\ .i> well as. and often better than, mature ones. 
*There w a (piestion as to whether immaturity can Ix" correctly assigned as 
the cause of failure of any of tlic seeds to germinate. \amtx>lsky ($, 
p. 432) has ukmI the work of Shull (4I cm irregular sex ratios in Lychnis 
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dioica as an argument against a Mendelian explanation of sex inheritance, 
stating that “the Mendelian hypothesis of sex in itself can not account for 
the preponderance of one sex to the exclusion of the other.” The writer 
(7, p. 663), however, has shown that wherever in Shull’s work (3, 4) irregular 
sex ratios were obtained, they were the result of partial or complete elimina* 
tion of the male (and to a slight extent of the female) gametes which carried 
the mutant factor “narrow leaf” linked with femaleness (or with hermaph- 
roditeness in the case of Melandrium album). This explanation was borne 
out by the presence of large amounts of abortive pollen in the narrow- 
leaved Lychnis male. Dorsey (i), working with plums, has expanded the 
idea of gametic elimination due to unfavorable genetic combinations to 
include the elimination of embryos during various stages of their develop- 
ment because of unfavorable genetic combinations and has given consider- 
able evidence in support of this explanation as the cause of dropping of 
plums through the summer and of [xx)r germination of apparently normal 
seeds from certain crosses. 

It appears from VamiX)lsky’s results with seed of selbxl males that 
immaturity and lack of germination in the sccmIs from selfed males may Ik‘ 
due to unfavorable genetic combinations which allowcnl development of 
certain embryos to proceed only to a certain point, when growth ceased. 
In his table 6 (8, p. 422) are refxjrtwl a total of 15b Howers which produced 
283 seeds on male plants. Be^ides these there were produced on the same 
plants “approximately 90 other female flowers . . . which failetl to develop 
seeds and dropixxl off.” total of 492 seeds might then have IhX’H expect ctl 
if all had set and developotl normally; 283 were actually produced, and of 
these. 31 were immature, 5 germinate<l weakly, 139 did not germinate, and 
26 were not plantetl. Certainly there is evidence of elimirjation in these 
results, and they can not therefore be taken as indicating that the genetic 
condition of the males of Me re Uriahs is pure male tind nf)t heterozygous 
for male and female determiners, as would Ik* indicated by the results of 
crossing females with males. All possible genetic (ombinatlons should Ik* 
thoroughly testcrl before ('onc!Li-.ions ,is to the genetic ('ondltions with 
respect to sex may Ik safely arrived .it. 'Phe sjKcies in <|uestion makes 
such a study extremely diflicult. 

In Fragaria, as in many other forms, the sex of all the flowers of any 
given plant is not nc( ts-arily the same. It is rpiite common in the perfect - 
flowered varieties for practically ;ill the earliest flowers to Ik female. In 
some clones this condition has Ikch exaggerated to a tx>int at which only a 
few flowers prcxlure stamens while the remainder arc female. Male flowers 
on hermaphroditic varieties are common, ami arc practically always limited 
to the last flowers of a cluster to bloom. Female flowers m.iy Ik found in 
the primar>' jx^sition of the inflorescence of wild males, and in such cafKS 
generally sec fruit, ('ompletcly sterile flowers arc not uiuommon among 
the later flower? of a female inflorescence. 



May, 1923! VALLEAU — INUERITANXE IN THE STRAWBERRY 


273 


In general, in Fragarta there a Lcnucncy towards femaleness 

in the earliest flowers which bloom; while the later flowers have a tendency 
towards maleness in the hermaphroditic varieties. A similar tendency 
with regard to increasing pistil sterility in the later blossoms is apparent, 
but to a lesser degree, in the cultivated females. The females pf dioecious 
wild forms and all the plants of the wild hermaphroditic forms exhibit an 
extremely high degree of pistil fertility extending through all the flowers of 
a cluster. It is seldom that irregular berries are seen in w'ild forms, even 
under the most adverse conditions. 

The writer does not believe that the presence of other sex types of 
flowxrs on a plant, w'hich is predominantly oi one sex, necessarily means 
that sex is not determincxl by spec ific factors cr that such a condition is an 
argument against a Mendelian interpretation of sex in plants. 

If it is assumed that diwchjus forms have been derived from hermaph- 
roditic forms, and if we accept, for the present, the theory that in hermaph- 
rodites the two sex determiners are linkc^d in one chromosome, then the 
production of males and females in such forms as Fragaria and Vitis, where 
the opposite organs are still present but not functional, must have come 
about by the partial suppression of one or the other sex condition in the 
chromosomes but not by its coni]:ilete loss. Thus, in the female plant of 
h\ Virginian a two st‘X chromosomes would l)e present: one which carries 
the functional factor for femaleness (which is sulhcient to produce functional 
pistils), and another which carries the functional factor for stamen produc- 
tion, but which, in the al)K‘nce of another >in'iilar functional factor, is 
unable to poxluce functional stamens. Kach chronins(unc. however, would 
carry the opp<‘>sitc factor supprossixb The males would then contain two 
like chromoscmies, each of which carries a functional dcTerminer for stamen 
production and a suppressed determiner for femaleness. It apjaears that 
no other assumption will meet the actUiil conditions. It is apparent from 
the facts previously given that the sex c«indition may l>e varied by varying 
the conditions under which the [>lants are pnKlmxd. This may result by 
changing either the outer environ mental facic^rs of the plant or the internal 
factors of nutrition (?) due to the i>o>ltlon nf the flowers on the inflorescence. 
Such changes have Ixtii o])ser\ed. h is ntU a far step, then, to assume 
that in certain parts of a t>lani cojiditions are siT up which have a tendency 
to decrease the snppressitui t‘t factors which ,ire already present and to 
allow' flowers or flowering parts ol tlie (>pix>sito sex to be prcuiuced on a given 
plant. The determiners for k-x in jdaiits may 1 k‘ stxxitic entities, but 
still their full or partial expression may depiuid the immediate condi- 
tions surrounding them at the time of flower prcxluction. 
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